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EXECUTIVE  SUMMARY 


SERUM  DIOXIN  ANALYSIS  OF  THE  1987  AIR  FORCE 
HEALTH  STUDY  EXAMINATIONS 

This  publication  is  the  fourth  morbidity  report  resulting  from  the  Air  Force  Health  Study 
(AFH5),  an  epidemiologic  invesdgadon  of  the  possible  associadon  between  occupadonal 
exposure  to  Herbicide  Orange  (and  its  dioxin  contaminant)  and  adverse  health  experienced 
by  Air  Force  personnel  who  served  in  Operadon  Ranch  Hand  units  in  Viemam  from  1962  to 
1971.  A  Comparison  group  was  formed  from  Air  Force  veterans  who  flew  or  maintained 
C*130  aircraft  in  Southeast  Asia  during  the  same  time  period.  The  1982  Baseline 
examinadon,  summarized  in  the  first  report,  was  followed  by  addidonal  studies  in  1985  and 
1987.  Addidonal  evaluadons  are  plann^  for  1992,  1997,  and  2002. 

The  19  chapters  of  this  report  present  conclusions  drawn  from  stadsdcal  analyses  of 
approximately  300  health-related  endpoints  in  12  clinical  areas;  general  health,  malignancy, 
neurology,  psychology,  gastrointestinal,  dermatology,  cardiovascular,  hematology,  renal, 
endocrine,  immunology,  and  pulmonary.  The  analyses  focused  on  dioxin  measurements  in 
serum  collected  from  1,670  participants  as  part  of  the  1987  examination. 

This  report  summarizes  the  first  large-scale  smdy  of  dose-response  effects  based  on 
an  accurate  measurement  of  current  dioxin  levels.  This  investigation  is  an  important 
enhancement  of  the  AFHS  and  supplements  previous  AFHS  reports,  which  focused  on  group 
contrasts  between  exposed  (Ranch  Hand)  and  unexposed  (Comparison)  cohorts. 

Three  statistical  models  were  used  to  evaluate  associations  between  the  health  of 
study  participants  and  their  serum  dioxin  levels: 


•  Model  1:  Estimated  initial  dioxin  levels,  using  Ranch  Hand  participants  only 

•  Model  2:  Current  scrum  dioxin  levels  and  time  since  military  service  in  Vietnam, 

using  Ranch  Hand  participants  only 


•  Model  3:  Categories  of  current  dioxin  levels,  using  both  Ranch  Hand  and 
Comparison  participants. 


Analyses  based  on  model  1  depend  directly  on  first-order  kinetics  and  a  constant  dioxin 
decay  rate,  while  those  based  on  model  2  assume  nothing  about  dioxin  elimination  other  than 
that  Ranch  Hands  were  exposed  in  Vietnam  and  that  their  body  burdens  have  decreased  in 
an  unspecified  manner  over  time;  All  health  data  were  analyzed  using  both  of  these  models 
to  reduce  the  likelihood  that  an  effect  would  be  missed  because  of  incorrect  assumptions 
regarding  dioxin  elimination.  Models  I  and  2  were  implemented  under  two  assumptions — 
minimal  and  maximal.  The  minimal  assumption  included  only  Ranch  Hands  with  current 
dioxin  levels  above  10  parts  per  trillion  (ppt)  (n=521);  the  maximal  assumption  expanded  the 
analysis  to  include  ail  Ranch  Hands  with  current  dioxin  levels  above  5  ppt  (n=742). 


In  addition,  model  3.  using  both  Ranch  Hands  and  Compaxisons,  assessed  the  health 
consequences  of  cunent  dioxin  levels  above  background.  This  assessment  required  no 
assumptions  about  when  or  how  increased  dioxin  body  burdens  were  attained. 

Statistical  analyses  were  often  applied  to  clinical  endpoints  in  continuous  (Le.,  origim'l 
measurement)  and  discrete  (i.e.,  measurements  grouped  into  categories  based  on  abnormal 
levels)  forms.  Analyses  were  also  performed  to  account  for  the  effects  that  demographic  and 
personal  characteristics  may  have  on  the  clinical  measurements.  Such  analyses  are  termed 
**adjusted  analyses." 

The  general  health  assessment  found  that  higher  levels  of  body  fat  and  the  erythrocyte 
sedimentation  rate  were  significantly  related  to  both  the  initial  and  cunent  serum  levels  of 
dioxin.  The  findings  for  My  fat  are  consistent  with  the  association  between  dioxin  and 
diabetes  mellitus  in  the  endocrine  assessment  and  lipids  in  the  gastrointestinal  assessment 
The  sedimentation  rate  findings  raise  the  possibility  that  a  subtle,  chronic  inflammatory 
response  may  be  related  to  higher  levels  of  dioxin  exposure. 

The  malignancy  assessment  determined  that  serum  dioxin  levels  were  not  significantly 
associated  with  the  incidence  of  skin  neoplasms,  except  for  an  increase  of  basal  cell 
carcinoma  on  sites  other  than  the  ear,  face,  head,  or  neck  in  Ranch  Hand  enlisted  flyers. 
However,  these  results  may  be  the  result  of  a  multiple-testing  artifact,  because  they  were 
not  noted  for  the  enlisted  groundcrew  who,  as  a  group,  had  higher  levels  of  serum  dioxin  than 
the  enlisted  flyers.  Previous  AFHS  reports  showed  that  the  Ranch  Hand  group  had  a 
significantly  increased  risk  of  basal  cell  carcinoma  relative  to  the  Comparison  ^up;  however, 
the  skin  neoplasm  findings  in  this  report  did  not  support  a  positive  dose-response 
relationship.  The  serum  dioxin  analyses  detected  significantly  increased  risks  of  benign,  but 
not  malignant,  systemic  neoplasms  (approximately  75%  of  the  benign  neoplasms  in  Ranch 
Hands  and  70%  in  Comparisons  were  lipcmas).  There  was  one  verified  case  of  non- 
Hodgkin’s  lymphoma  in  a  Ranch  Hand  at  the  1987  examination. 

The  neurological  analyses  revealed  no  consistent  evidence  to  indicate  that  dioxin  was 
associated  with  neurological  disease.  The  adjusted  analyses  for  the  verified  neurological 
disorders  were  not  significant  Dioxin  was  found  to  be  significantly  associated  with 
coordination  and  a  central  nervous  system  index,  but  cranial  nerve  function  and  peripheral 
nerve  status  were  not  associated  with  dioxin. 


Higher  serum  dioxin  levels  were  unrelated  to  verified  psychological  and  reported  sleep 
disorders.  Results  of  the  two  clinical  psychological  tests  (the  Symptom  Check  List-90- 
Revised  (SCL-90-R]  and  the  Millon  Qinical  Multiaxiai  Inventory  [MCMIJ)  were 
inconsistent  Most  of  the  adjusted  results  for  the  SCL-90-R  variables  were  not  significant 
Many  of  the  adjusted  MCMI  results  were  significant  but  substantial  overlap  and  correlation 
between  test  scales  of  the  MCMI  limit  the  clinical  importance  of  these  statistical  differences. 


The  serum  dioxin  levels  showed  no  association  with  verified  liver  diseases.  However, 
the  laboratory  results  showed  a  consistent  pattern  suggestive  of  a  subclinical  effect  on  lipid 
metabolism,  possibly  related  to  the  positive  association  between  dioxin  and  body  fat 
observed  in  the  general  health  assessment. 
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Dermatologic  endpoints  were  not  consistently  associated  with  dioxin  concentrations. 
For  Ranch  Hands  with  a  later  tour  of  duty  in  Vietnam  (time  since  tour<18.6  years),  there 
were  signiHcant  or  marginally  significant  positive  associations  between  current  levels  of 
dioxin  and  post-Southeast  Asia  acne  and  several  of  the  other  icne-related  physical 
examination  variables.  However,  the  corresponding  adjusted  relative  risks  for  Ranch  Hands 
with  an  early  tour  (dme  since  tour>18.6  years)  were  not  significant  or  were  significantly  less 
than  1. 

The  cardiovascular  findings  offered  no  consistent  evidence  of  an  adverse  dioxin  effect 
among  nondiabedcs.  There  was  a  signifl:^dy  increased  risk  of  essendal  hypertension  for 
Ranch  Hands  in  the  high  current  dioxin  category  (>33.3  ppt)  reladve  to  Comparisons  in  the 
background  category  (<10  ppt)  when  the  effect  of  body  fat  was  not  considered.  By  contrast, 
the  analyses  of  verified  heart  disease  (excluding  essendal  hypertension)  found  that  the 
adjusted  reladve  risk  was  signiflcandy  less  than  1  for  Ranch  Hands  in  the  high  current  dioxin 
category.  The  analyses  of  systolic  blood  pressure  and  diastolic  blood  pressure  in  their 
condnuous  forms  found  that  the  adjusted  mean  level  for  both  variables  was  signiflcandy 
higher  for  Ranch  Hands  in  the  high  current  dioxin  category  reladve  to  Comparisons  in  the 
background  category  when  the  effect  of  body  fat  was  not  considered.  However,  the 
corresponding  analyses  of  the  percentage  of  participants  with  abnormally  high  systolic  or 
diastolic  blood  pressures  did  not  show  an  association  with  dioxin.  The  assessment  of 
peripheral  vascular  function  found  significant  associations  between  dioxin  and  decreases  in 
the  peripheral  pulses. 

The  hematologic  results  revealed  no  evidence  that  overt  hematopoietic  toxicity  was 
related  to  dioxin  exposure.  The  white  blood  cell  count  revealed  statistically  significant 
associations  consistent  with  a  positive  dose-response  effect  in  all  three  models;  consistently 
significant  result.^  were  not  found  for  the  other  variables.  A  significant  increased  risk  of  an 
elevated  platelet  count  was  found  for  Ranch  Hands  in  the  high  current  dioxin  category  relative 
to  the  Comparisons  in  the  background  category.  These  findings  suggest  the  presence  of  a 
low-level,  chronic  inflammatory  response  related  to  higher  levels  of  dioxin  exposure. 


The  analyses  did  not  indicate  any  relationship  between  renal  health  and  dioxin.  Under 
the  maximal  assumption  (but  not  the  minimal),  the  initial  dioxin  analyses  found  a  significantly 
increased  risk  of  urinary  occult  blood  cells,  but  results  were  not  significant  for  the  other 
models.  Statistically  significant  results  were  not  noted  for  the  other  variables. 


The  endocrine  assessment  established  a  strong  positive  association  between  glucose 
intolerance  and  dioxin,  but  concluding  that  dioxin  directly  causes  diabetes  would  be 
premature.  The  initial  and  current  levels  of  serum  dioxin  both  were  associated  significantly 
with  an  increased  incidence  of  diabetes.  Significant  positive  associations  also  were  noted  for 
the  analyses  of  fasting  glucose  and  2-hour  postprandial  glucose.  These  findings  may  be 
related  to  the  association  between  dioxin  and  body  fat  observed  in  the  general  health 
assessment.  The  basis  of  these  relationships  will  be  investigated  during  subsequent  phases 
of  this  study. 

Assessment  of  testicular  size  as  evaluated  at  the  physical  examination  revealed 
significant  positive  associations  in  all  three  models  between  scrum  dioxin  and  decreased 
size.  The  scrum  dioxin  analyses  did  not  reveal  a  significant  association  with  abnormally  low 
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levels  of  serum  testosterone,  but  the  analyses  found  a  significant  negative  correlation  with 
testosterone  when  the  effect  of  body  fat  was  not  considered.  The  clinical  meaning  of  these 
findings  is  unclear.  The  results  for  thyroid  stimulating  hormone  and  T3  %  uptake  treated  as 
continuous  variables  were  consistent  with  subciinical  decreases  in  thyroid  function  related  to 
dioxin  exposure.  However,  the  corresponding  analyses  on  the  percenuge  of  panidpants  with 
abnormally  high  levels  for  these  variables  did  not  show  an  associadon  with  dioxin. 

The  immunologic  assessment  did  not  find  any  clinically  significant  alterations  related  to 
the  current  or  initial  levels  of  serum  dioxin.  An  evduation  of  imnuinoglobulins  found  a 
significant  assodation  between  initial  dioxin  level  and  increased  IgA  levels,  consistent  with  a 
subtle  inflammatory  response.  The  analyses  of  the  other  immunoglobulins  (IgG  and  IgM)  did 
not  indicate  the  presence  of  any  dioxin-related  effects.  Analyses  for  the  other  laboratory 
variables  reveal^  several  statistically  significant  findings,  but  they  dther  were  internally 
inconsistent  or  were  not  in  a  direction  expected  in  an  impaired  immune  system.  Serum  dioxin 
was  not  significantly  associated  with  delayed  hypersensitivity  skin-test  response.  The 
previous  report  of  the  1987  examination  data  had  showed  tnat  significantly  more  Ranch 
Hands  had  possibly  abnormal  skin-test  reactions  than  Comparisons.  These  new  analyses 
suggest  that  the  previously  noted  group  difference  may  not  related  to  dioxin. 


Analyses  of  the  pulmonary  disease  history  found  no  evidence  of  a  dioxin  relationship  for 
the  five  respiratory  illnesses  studied.  However,  based  on  physical  examination  results,  the 
risk  of  thorax  and  lung  abnormalities  for  Ranch  Hands  in  the  high  current  dioxin  category  was 
significantly  increased  relative  to  Comparisons  in  the  background  category.  Abnormal 
spirometric  measurements  were  often  significantly  associated  with  dioxin  levels,  but  the 
differences  in  the  mean  levels  between  high-  and  low-exposed  participants  were  not 
clinically  important.  These  findings  may  be  related  to  the  association  between  dloxii.  and 
body  fat  noted  in  the  general  health  assessment  because  obesity  is  known  to  cause  a 
reduction  in  vital  capacity.  These  relationships  will  be  investigated  during  subsequent 
phases  of  the  study. 

Extrapolation  of  the  serum  dioxin  results  to  the  general  population  of  ground  troops  who 
served  in  Vietnam  is  difficult  because  Ranch  Hand  and  ground  troop  exposure  situations  were 
quite  different.  Based  on  serum  dioxin  testing  results  done  by  othen,  nearly  all  grour  a 
troops  tested  currently  have  levels  of  dioxin  similar  to  background  levels.  Even  the  ground 
troops  who  served  in  herbicide-sprayed  areas  of  Vietnam  had  current  levels  indistinguishable 
from  those  of  men  who  never  left  the  United  States.  The  AFHS  subgroup  most  like  the 
ground  troops  in  terms  of  current  dioxin  levels  is  those  Ranch  Hands  who  currently  have 
background  levels  of  dioxin  (designated  as  the  “unknown”  category  in  the  model  3 
analyses).  Therefore,  if  the  results  of  the  AFHS  are  applied  to  the  general  population  of 
Vietnam  veterans,  the  focui;  should  be  on  the  tnknown  Ranch  Hand  versus  background 
Comparison  contrasts.  However,  extrapolating  the  results  of  these  analyses  to  Vietnam 
veterans  should  still  be  made  cautiously.  In  general,  the  adjusted  model  3  analyses  found 
that  Ranch  Hands  in  the  unknown  category  did  not  show  a  significant  health  detriment 
relative  to  Comparisons  in  the  background  category. 

Small  but  significant  mean  differences  in  a  continuously  measured  health  variable  when 
there  arc  no  corresponding  differences  in  the  percentage  of  abnormal  tests  arc  difficult  to 
assess  in  any  study.  For  example,  in  the  discrete  analysis  of  scrum  testosterone,  abnoimaJly 
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low  levels  were  not  signiHcantly  associated  with  dioxin.  However,  the  adjusted  continuous 
analysis  found  a  significant  negative  association  between  dioxin  and  testosterone  when  the 
effect  of  body  fat  was  not  considered.  The  continuous  and  discrete  analyses  of  systolic  and 
diastolic  blo<^  pressure  also  exhibited  conflicting  results.  Observations  such  as  these  could 
represent  an  early  subclinical  effect,  or  they  could  be  the  result  of  a  multiple  testing  artifact 
Significant  trends  in  the  mean  with  increasing  levels  of  dioxin  are  interpreted  as  a  dioxin- 
related  effect  if  a  corresponding  trend  is  seen  in  the  proportion  above  or  below  the  normal 
range.  These  observations  emphasize  the  importance  of  continued  evaluation  cf  a  broad 
spectrum  of  health  endpoints  in  the  subsequent  physical  examination  phases  of  the  AFHS. 

The  serum  dioxin  analyses  in  this  report  detected  signiffcant  associations  with  lipid- 
related  health  indices.  In  particular,  diabetes  and  body  fat  were  associated  positively  with 
dioxin.  Cholesterol,  high-density  lipoprotein  (HDL),  cholesterol-HDL  ratio,  and  2-hour 
postprandial  glucose  also  were  associated  significantly  with  dioxin.  Erythrocyte 
sedimentation  rate,  white  blood  cell  count,  platelet  count,  and  IgA  were  positively  associated 
with  dioxin,  suggesting  the  presence  of  a  chronic  dose-related  inflammatory  response.  Other 
variables,  such  as  the  spirometric  indices  in  the  pulmonary  assessment  and  benign  systemic 
neoplasms  in  the  malignancy  assessment  showed  significant  associations  with  dioxin  that 
may  be  related  to  body  fat  (approximately  75%  of  the  benign  neoplasms  in  Ranch  Hands  and 
70%  in  Comparisons  were  lipomas).  These  findings  and  their  possible  relationship  to  dioxin 
elimination  will  be  explored  in  future  examination  cycles.  The  serum  dioxin  analyses  also 
revealed  a  significant  positive  association  between  dk-xin  and  decreased  testicular  size,  but 
the  importance  of  this  finding  is  unclear  (fertility  and  other  reproductive  outcomes  will  be 
assessed  in  a  separate  report).  Results  for  other  variables  revealed  no  consistent  pattern, 
within  or  across  clinical  areas,  indicative  of  a  health  detriment  due  to  dioxin  exposure. 

In  summary,  many  of  the  findings  in  this  report  reveal  a  consistent  relationship  between 
dioxin  and  body  fat.  Two  hypetheses  may  explain  the  observed  relationships.  In  one,  dioxin 
could  cause  an  increase  in  body  fat,  or  the  level  of  body  fat  could  influence  the  dioxin  decay 
rate,  which  in  turn  alters  physiologic  outcomes,  such  as  blood  pressure,  serum  lipid 
alterations,  and  blood  sugar  levels.  An  alternative  hypothesis  involves  dioxin  as  a  direct 
cause  of  two  or  more  of  the  observed  endpoints,  including  body  fat  Whether  dioxin  causes 
these  observed  effects  directly  or  is  a  step  in  an  extended  causal  pathway  cannot  be 
determined  from  these  data.  Additional  analyses  following  the  physical  examination 
scheduled  for  1992  may  help  resolve  this  question. 
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INTRODUCTION 


AIR  FORCE  HEALTH  STUDY 

The  Air  Force  Health  Study  (AFHS)  is  an  epidemiologic  investigation  to  determine 
whether  occupadonal  exposure  to  Herbicide  Orange  in  a  group  of  U.S.  Air  Force  personnel  is 
associated  v.  ith  adverse  health  effects.  During  the  Vietnam  conflict.  Herbicide  Orange  was 
the  primary  herbicide  used  in  a  military  operation,  code-named  Operation  Ranch  Hand,  which 
disseminated  the  herbicide  through  aerial  spraying  for  purposes  of  defoliation  and  crop 
destruction. 

t 

As  documented  in  prespecified  analydcal  plans  and  predecessor  reports,  the  AFHS  is 
based  on  a  cohort  design  in  a  nonconcurrent  prospecdve  setdng.  The  study  design  consisted 
of  a  baseline  morbidity  assessment  that  is  to  be  complemented  by  five  followup  morbidity 
evaluations  over  a  20-year  period.  The  baseline  morbidity  evaluadon,  conducted  in  1982, 
was  performed  liy  the  Air  Force.  Followup  cvaluadons  were  conduaed  in  1985  and  1987. 
The  1985  and  1987  evaluations  (also  known  as  the  third-  and  fifth-year  sf'iies, 
respectively)  were  performed,  under  contract  to  the  Air  Force,  by  Science  Applicadons 
International  Corporadon  (SAIC),  in  conjunedon  with  Scripps  Clinic  and  Research  Foundation 
(SCRF)  and  the  Nadonal  Opinion  Research  Center  (KORC).  Funirc  evaluadons  are  planned 
for  1992,  1997,  and  2002  (i.e.,  the  10-year,  15-year,  and  20-year  followup  studies, 
respectively). 

For  the  Baseline  and  the  1985  and  1987  studies,  the  major  focus  of  the  analyses  was  to 
compare  the  health  status  of  the  Ranch  Hands  (i.e.,  die  exposed  cohort)  with  that  of  the 
Comparisons  (i.e.,  the  unexposed  cohort).  An  ancillary  analysis  used  an  approximate 
csrimate  of  exposure  (low,  medium,  and  high)  that  was  constructed  for  each  Ranch  Hand 
using  historical  military  record  informadon  with  herbicide  procurement  and  usage  records. 

For  the  most  part,  the  constructed  exposure  index  failed  to  display  consistent  and/or 
meaningful  dose-response  relationships. 

During  the  conduct  of  the  1987  physical  exaniinadon,  the  Air  Force  inidated  a 
collaborative  study  with  the  Centers  for  Disease  Control  (CDQ  to  measure  dioxin  levels  in 
the  serum  of  Ranch  Hands  and  Comparisons.  The  purpose  of  this  report  is  to  perform  a 
thorough  statisdeal  evaluation  to  assess  dose-response  relationships  between  various 
measures  of  dioxin  and  approximately  300  health-related  endpoints  in  12  clinical  areas.  The 
statistical  analyses  associated  with  the  serum  data  will  evaluate  the  association  between  a 
specified  health  endpoint  and  dioxin  among  the  Ranch  Hands,  as  well  as  contrast  the  health 
of  various  categories  of  Ranch  Hands  having  differing  scrum  dioxin  levels  with  the  health  of 
Comparisons  having  background  levels  of  dioxin  in  their  blood.  The  analysis  of  dose- 
response  reladonships  based  on  serum  assays  provides  an  important  enhancement  over  the 
previous  AFHS  investigations.  This  research  is  the  first  large-scale  study  of  dose-response 
effects  based  on  an  accurate  measurement  of  current  dioxin.  The  results  of  this  study 
supplement  the  findings  of  previous  AFHS  reports,  which  have  focused  on  group  contrasts 
between  exposed  and  unexposed  cohorts,  rather  than  on  the  dose-response  relationships  in 
this  report. 
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Of  the  995  Ranch  Hands  who  were  fully  compliant  to  the  1987  physical  examination,  932 
had  serum  specimens  analyzed  by  CDC;  64  of  these  932  specimens  were  reported  by  CDC  a^ 
not  quantifiable  by  the  analytical  method.  Two  of  the  932  participants  provided  blood  but 
were  not  part  of  the  1987  examination.  The  Ranch  Hand  participants  used  for  the  statistical 
analyses  of  the  serum  data  excluded  the  66  Ranch  Hands  specified  above.  Thus,  the  serum 
levels  of  the  remaining  866  Ranch  Hands  were  candidates  for  evaluating  the  association 
between  health  status  and  level  of  dioxin.  Current  dioxin  levels  exceeded  5  ppt  for  742  of  the 
Ranch  Hands,  and  exceeded  10  ppt  for  521  Ranch  Hands,  'fhese  two  Ranch  Hand  groups  are 
the  maniinal  and  minimal  cohorts,  described  later  in  this  chapter. 

Of  the  1,299  Comparisons  who  completed  the  1987  physical  examination,  1,198  had 
serum  specimens  analyzed  by  CDC.  Dioxin  assay  information  on  a  randomly  selected  subset 
of  888  Comparisons  was  received  from  CDC  by  January  1990,  at  which  time  statistical 
analyses  involving  Comparison  data  began.  Eighty-three  of  the  887  Comparisons  who 
completed  the  physical  examination  had  a  current  ^oxin  level  reported  by  CDC  as  not 
quantifiable.  Therefore,  804  Comparisons  were  candidates  for  use  in  the  statistical  analyses. 

An  additional  314  Comparison  dioxin  assay  results  were  subsequently  received.  Of 
these  results,  311  were  based  on  Comparisons  who  had  completed  the  physical  examimtion, 
and  3  were  reanaJyses  of  specimens  of  3  Comparisons  who  completed  the  examination  but 
whose  dioxin  result  was  indeterminant. 

Chapter  2,  Dioxin  Assay,  contains  a  more  complete  discussion  of  the  dioxin  assay,  the 
888  and  the  subsequently  received  314  Comparison  assay  results. 

Questionnaire  Methodology 

One  source  of  information  used  in  the  statistical  analyses  for  the  AFH3  was  the 
panicipant  questionnaire.  For  the  1982  Baseline  study,  the  questionnaire  was  administered 
at  the  panicipant's  home.  The  questionnaires  of  the  1985  and  1987  followup  cycles  were 
administered  at  the  physical  examination  site.  New  panicipants  or  participants  who  refused 
to  take  part  in  the  1982  and  1985  examinations  had  the  option  of  responding  to  the  Baseline 
questionnaire  either  at  their  residence  or  at  the  physical  examination  site.  The  instruments 
provided  baseline  or  upxiated  information  on  such  items  as:  demographic  characteristics, 
education,  occupation,  medical  history,  study  compliance,  toxio  exposures,  reproductive 
experience,  personality  type,  sleep  disorders,  and  risk  factors  for  skin  cancer.  For  a  detailed 
discussion  of  the  development,  expansion,  and  implementation  of  the  questionnaire  (i.e., 
interviewer  training,  scheduling  of  participants,  data  collection,  and  data  processing),  the 
reader  is  referred  to  Chapter  3,  Questionnaire  Methodology,  AFHS  1987  examination  (1). 

Physical  Examination  Methodology 

Another  major  source  of  information  for  the  analyses  in  the  AFHS  resulted  from  the 
various  health  evaluations  performed  at  SCRF  in  1987.  The  evaluations  consisted  of  the 
following  major  elements: 

•  Review-of- systems  questionnaire 

•  Psychological  testing 
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•  Physical  examuiation 

•  Laboratory  testing 

•  Specialized  testing  (e.g..  phlebotomy  for  measurement  of  serum  dioxin) 

•  Psychological  and  medical  outbriefings. 


The  logistical  efforts  involved  in  contacting,  transporting,  and  examining  the  study 
participants  for  the  1987  phase  of  the  AFHS  are  described  in  Chapter  4,  Physical 
Examination  Methodology,  of  the  AFHS  1987  examination  report  (1). 

During  the  clinical  examinations,  data  were  collected  in  the  laboratory  and  by  a  general 
and  two  subspecialty  (dermatological  and  neurological)  examinations.  In  the  clinical 
laboratory,  cutpoints  between  normal  and  abnormal  measurements  are  in  most  cases  well 
defined.  In  the  physical  examinations  that  were  conducted  by  multiple  exami.ners,  however, 
some  subjective  variation  in  data  collection  would  be  anticipated.  By  adhering  to  a  strict 
examination  protocol  and  by  blinding  the  examiners  to  the  exposure  status  of  all  participants, 
a  group  bias  was  avoided. 

The  format  of  the  physical  examination  was  designed  to  address  the  wide  range  of  body 
organ  systems  suggested  by  the  scientific  literature  on  both  human  and  animal  studies,  the 
spectrum  of  health  problems  reported  by  Vietnam  Veterans  listed  in  the  Agent  Orange 
Repository  of  the  Ikpartment  of  Veterans  Affairs,  and  concerns  expressed  in  the  press.  The 
examiners  were  kept  strictly  unaware  of  the  exposure  status  of  each  participant  and  were 
required  to  conduct  their  examinations  in  a  standardized  and  consistent  manner.  Each 
participant  was  provided  with  all  of  his  examination  results  by  a  specialist  in  internal 
medicine  and  a  clinical  psychologist.  Whenever  a  condition  requiring  prompt  medical  followup 
or  further  evaluation  was  identified  by  one  of  these  debriefers,  arrangements  and 
appointments  were  made  with  a  referral  physician  before  the  participant  departed  from  the 
clinic.  In  this  manner,  continuing  treatment  of  important  medical  conditions  was  not 
overlooked. 

Quality  Control 

Throughout  the  1987  examination,  a  number  of  steps  were  taken  to  maintain  stringent 
quality  control  (QC)  and  quality  review  standards.  In  general,  quality  assurance  (QA) 
activities  were  defined  and  implemented  in  the  areas  of  administrative  QA;  quesdonnaire, 
physical,  and  psychological  examinauon  QC;  laboratory  QC  measures;  data  management  QC; 
and  stausdeal  QC.  Chapter  6,  Quality  Control,  of  the  AFHS  report  on  the  1987  examination 
contains  detailed  descripdons  of  these  quality  control  efforts  (1). 

Administrative  Quality  Control 

For  the  1985  and  1987  examinadons,  and  the  associated  serum  dioxin  analyses 
presented  in  this  report,  an  internal  Quality  Review  Committee  (QRC)  was  convened  by  the 
prime  contractor.  QRC  members  provided  independent  reviews  and  comments  on  draft  report 
materials  submitted  to  the  Air  Force.  The  QRC  also  provided  advice  on  issues  that  might 
affect  study  quality. 
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Questionnaire,  Physical,  and  Psychological  Quality  Control 

For  administration  of  the  1987  questionnaires,  interviewers  were  provided  specific 
training  and  detailed  instructions  by  NORC  on  conducting  the  interviews.  In  addition, 
schedulers  were  trained  to  perform  initial  contacts  with  individuals  to  invite  them  to 
participate  in  the  1987  examination  cycle.  Conversion  specialists  were  used  to  contact 
refusals  or  to  identify  replacements  for  unwilling  Comparisons.  Site  supervisors  monitored  a 
sample  of  interviews  from  each  interviewer.  If  necessary,  immediate  onsite  retraining  was 
provided  for  interviewers  to  ensure  proper  administration  of  the  questionnaire.  A  rigorous 
review  process  for  monitoring  the  completeness  and  quality  of  responses  to  the  questionnaire 
items  was  foUowed. 

After  the  questionnaires  were  reviewed  for  completeness  and  data  validity,  the 
questionnaire  and  physical  examination  records  were  provided  to  the  Air  Force  for  medical 
coding  of  the  reported  information.  Once  the  medical  coding  was  completed,  the  questionnaire 
information  was  provided  to  NORC  for  data  processing.  Various  edit  and  data  verification 
procedures  were  performed  and  discrepancies  were  resolved  on  a  case-by-casc  basis.  All 
corrections  were  documented  and  entered  into  the  data  base.  QA  reports  were  generated 
monthly  and  the  review  process  was  continued  until  no  errors  or  discrepancies  were  found. 

The  physical  examination  provided  most  of  the  health  status  information  used  for  clinical 
and  statistic^  evaluation.  Hence,  a  number  of  steps  were  taken  to  guarantee  the  quality  and 
completeness  of  the  information  generated  during  the  physical  examination.  The  steps 
included  a  stringent  selection  process  for  all  personnel  d^tly  involved  with  the  study 
participants;  a  complete  pretest  of  the  physical  examination,  interview,  psychological  test, 
and  laboratory  test  procedures  before  the  start  of  the  study;  refresher  training  for  diagnostic 
procedures  (e.g.,  to  diagnose  chloracne);  weekly  review  of  participant  critique  forms;  timely 
review,  and  revision  if  necessary,  of  items  reported  on  tlie  physical  examination  forms;  and 
daily  monitoring  of  clinical  examination  activities  by  the  onsite  Air  Force  monitor  and  the 
SCRF  Medical  Project  Director. 

Clinical  Laboratory  and  Immunology  Laboratory  Quality  Control 

Multiple  actions  were  implemented  in  the  area  of  QC  for  the  clinical  laboratory.  An 
integrated  medical  laboratory  management  information  system  was  used  to  provide  direct 
device  to  data  base  interfaces  for  automated  testing  equipment;  stringent  calibration 
standards  were  maintained  for  all  automated  equipment;  control  samples  were  used  to 
monitor  test  quality;  fonnal  analysis  and  review  of  QC  data  was  performed  on  a  weekly 
basis;  and  CUSUM  and  FIR  CUSUM  techniques  were  used  to  detect  calibration  problems.  A 
stringent  QC  proced'ire  was  also  implemented  in  the  cellular  immunology  component  of  the 
AFHS  to  address  problems  in  assay  performance,  reagent  validity,  data  analysis,  and  results 
reporting.  Chapter  6  of  the  1987  examination  report  provides  an  indepth  discussion  of  the 
clinical  and  immunologic  QC  procedures  (1). 

Data  Management  Quality  Control 

The  QC  program  for  the  data  management  activity  consisted  of  multiple  checks  at  all 
steps  of  the  examination,  data  collection,  and  data  processing  cycle.  Data  QC  procedures  for 
data  collection,  conversion,  and  integration  were  developed  before  the  clinical  examinations 
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began.  Pretesting  of  forms,  procedures,  and  logistical  arrangements  was  conducted  3  weeks 
before  the  examinations  actually  began. 

Five  interwoven  layers  of  QC  were  insdmted  to  ensure  data  integrity:  data  processing 
system  design;  design  and  administration  of  all  exams  or  questionnaires;  data  completeness 
checks;  data  validation  techniques;  and  quality  control  medical  records  coding. 

Statistical  Analysis  Quality  Control 

QC  was  exercised  in  the  following  areas  addressing  the  statistical  analysis: 
construction  of  data  bases  for  the  statistical  analysis  of  each  clinical  chapter,  the  statistical 
analysis,  and  the  preparation  of  the  clinical  chapters  containing  the  results  of  the  statistical 
analyses.  Each  clinical  area  data  base  was  examined  for  extreme  and  improbable  values. 
Discrepancies  were  resolved  through  contact  with  the  organization  responsible  for  the  data 
item  of  interest  (e.g„  SCRF  or  NORQ.  Technical  issues  related  to  statistical  analysis  were 
discussed,  and  resolved  through  frequent  telephone  and/or  written  communications  between 
the  SAIC  statisticians  and  the  Air  Force  principal  investigators.  The  content  of  the  report 
was  verified  for  accuracy  and  validity  among  the  reported  text  and  tables,  and  for  consistency 
with  the  output  results  generated  by  the  statistical  software. 

Statistical  Models 

The  serum  dioxin  measurements  were  used  in  three  different  ways  to  assess  the 
relationships  between  current  health  sums  and  dioxin.  Within  a  specified  clinical  area,  the 
results  of  three  analyses  performed  for  each  dependent  variable  were  described  under 
sections  tided; 

•  Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

•  Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

•  Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category. 


Models  1  and  2  used  scrum  dioxin  values  for  only  the  Ranch  Hands.  For  model  1,  the 
dependent  variable  for  each  Ranch  Hand  was  regressed  on  an  initial  dioxin  level.  The  initial 
dioxin  value  was  estimated  retrospectively  from  a  first-order  pharmacokinetic  half-life  model 
using  the  measured  current  dioxin,  the  estimated  half-life  of  7.1  years  (2)  and  time  since  the 
end  of  each  Ranch  Hand’s  tour  of  duty  in  Viemam.  For  model  2,  regression  relationships 
were  developed  between  the  dependent  variable  for  each  Ranch  Hand  and  the  measured 
current  dioxin  level  and  time  since  the  end  of  the  tour  in  Viemam.  The  latter  model  was 
implemented  as  an  alternative  to  model  1  which  was  based  on  assuming  a  particular  half-life 
model.  Both  of  these  models  were  implemented  with  and  without  adjustment  for  covariate 
information.  While  the  overall  analysis  in  model  2  specifically  assesses  the  effect  of 
differences  between  time  strata,  a  current  dioxin  effect  can  be  seen  in  the  time  stratified 
portions  of  the  analyses  as  well. 

Models  1  and  2  wer^  also  applied  under  two  assumptions  concerning  exposure::  the 
minimal  assumption  and  the  maximal  assumption.  Under  the  minimal  assumption,  the 
analyses  arc  based  on  those  Ranch  Hands  with  current  dioxin  levels  above  10  ppt.  The  basis 


1-5 


for  the  minimal  assumption  is  that  Ranch  Hands  currently  having  dioxin  levels  at  or  below  10 
ppt  are  assumed  not  to  have  been  exposed  to  dioxin  during  their  Ranch  Hand  tour.  Under  the 
maximal  assumpdon,  the  analyses  are  based  on  Ranch  Hands  with  current  dioxin  levels 
above  5  ppt  liie  maximal  assumpdon  presumes  that  Ranch  Hands  with  levels  between  5 
ppt  and  10  ppt  were  only  exposed  to  such  an  extent  that  their  body  burden  of  dioxin  has  just 
recently  (Grayed  to  levels  equivalent  to  normal  background.  Ranch  Hands  with  current  dioxin 
levels  at  or  below  5  ppt  were  excluded  from  the  analyses  because  of  concerns  raised  by  the 
CDC  regarding  the  validity  of  the  half-life  model  to  extrapolate  inidal  dioxin  levels  using  such 
low  dioxin  levels.  The  minimal  assumpdon  is  an  attempt  to  focus  the  analyses  on  Ranch 
Hands  who  are  more  likely  to  have  been  exposed  during  their  tour.  The  maximal  assumpdon 
focuses  on  those  participants  known  to  be  part  of  Operation  Ranch  Hand  but  the  analyses 
may  include  some  participants  who  possibly  may  not  have  been  exposed  to  dioxin  during  their 
tours.  Each  assumption  defines  the  size  of  the  Ranch  Hand  groups  being  analyzed.  The  use 
of  the  terms  “minimal”  and  “maximal”  should  not  be  interpreted  as  identifying  those 
participants  with  a  particular  level  or  magnitude  of  dioxin  exposure. 

The  analyses  identified  under  model  3  compare  the  health  of  Ranch  Hands  with  current 
dioxin  values  categorized  as  unknown  (current  dioxin  at  or  below  10  ppt),  low  (current  dioxin 
above  15  ppt  but  not  above  33.3  ppt),  and  high  (current  dioxin  above  33.3  ppt)  with 
Comparisons  having  background  levels  (current  dioxin  at  or  below  10  ppt).  “Unknown”  is 
used  as  a  description  for  Ranch  Hands  with  current  serum  dioxin  levels  at  background.  Ranch 
Hands  with  current  dioxin  levels  at  or  below  10  ppt  were  placed  in  a  separate  category  (i.e., 
unknown)  because  the  exposure  resulting  from  their  Vietnam  tour  could  not  be  differentiated 
from  background  levels.  Separating  the  unknown  and  low  exposure  categories  by  5  ppt 
reduces  concerns  about  the  assignment  of  a  Ranch  Hand  to  either  of  the  categories  when  the 
current  level  is  very  near  a  defined  cutpoint  To  remove  any  doubt  about  possible  exposure  in 
the  Comparison  group,  any  Comparisons  having  a  current  dioxin  level  above  10  ppt  were 
excluded.  Eighteen  Comparisons  had  a  current  dioxin  level  above  10  ppt.  Chapter  3 
graphically  displays  distributions  of  serum  levels  for  Ranch  Hands  and  Comparisons. 

Organization  of  the  Report 

This  report  is  organized  as  follows; 


•  Chapter  I  (Introduction)  provides  surrimary  background  information  on  AFHS  and  the 
serum  dioxin  analysis;  and  discusses  specific  technical  items/issues  that  may  affect 
the  results  of  the  different  clinical  area  assessments. 

•  Chapter  2  (Dioxin  Assay)  describes  the  blood  draw  procedure  used  to  determine  the 
serum  dioxin  measurements;  the  analytical  method  used  to  determine  the  dioxin  level 
from  the  serum;  and  (JC  procedures  associated  with  the  scrum  dioxin  data. 

•  Chapter  3  (Relationship  of  Estimates  of  Dioxin  and  Exposure  Index)  provides  a 
comparison  of  the  constructed  exposure  index  used  in  previous  reports  to  the 
estimates  of  dioxin  body  burden  used  in  this  report. 

•  (Chapter  4  (Statistical  Methods)  documents  the  statistical  methods  used  in  the 
individual  clinical  area  assessments;  and  the  statistical  procedures  and  results  of  the 
half-life  analyses  performed  by  the  Air  Force. 
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•  Chapter  3  (Covariate  Associations)  examines  the  associations  between  dioxin  and 
the  individual  covariates  used  in  the  different  clinical  assessments. 

•  Chapters  6  through  17  present  the  results  and  medical  discussion  for  each  clinical 
area  from  the  stadsdcal  analyst  s  of  the  dependent  variables  using  the  three  models 
described  earlier  in  this  chapter.  Each  chapter  contains  a  brief  overview  of  perdnent 
scientific  literanue.  More  detailed  summaries  can  be  found  in  the  report  of  the  1987 
examioadon  (1). 

•  Chtq^ter  18  (Conclusions)  summarizes  the  findings  and  medical  discussion  of  the 
statistical  analyses  performed  for  each  of  the  12  clinical  areas. 

•  Chapter  19  (Future  Directions)  summarizes  the  anticipated  future  activities,  and 
possible  mo^ficadons  to  the  exisdng  instruments  and  methodologies  used  to 
investigate  the  association  between  health  status  and  dioxin  exposure. 

INTERPRETIVE  CONSIDERATIONS 

When  interpreting  the  data  presented  in  this  report,  careful  consideration  must  be  given 
to  bias,  interactions,  consistency,  multiple  testing,  dose-response  patterns,  trends,  power 
limitations,  strength  of  association,  and  biological  credibility.  Problems  in  evaluating  negative 
results,  extrapolating  to  other  populations,  and  summarizing  results  also  should  be 
considered. 

Bias 

With  the  introduction  of  the  dioxin  assay  as  the  measure  of  exposure,  important  sources 
of  bias  are  reduced  to  violations  of  the  underlying  assumptions  of  the  three  models  upon 
which  all  analyses  in  this  report  are  based.  Closely  associated  with  violation  of  assumptions 
is  the  possibility  that  an  important  covariate  may  have  been  overiooked. 

Biased  results  will  be  produced  if  the  assumptions  underlying  any  of  the  three  statistical 
models  are  violated.  Of  the  three  models,  model  1  (see  Chapter  4,  Statistical  Methods)  is 
the  most  vulnerable  to  this  kind  of  bias,  since  it  depends  directly  on  two  unvalidated 
assumptions:  (a)  that  dioxin  elimination  is  by  fint-order  pharmacokinetics  and  (b)  that  all 
Ranch  Hands  have  the  same  dioxin  half-life  (7.1  years).  If  dioxin  elimination  is  first-order, 
but  some  Ranch  Hands  have  a  shoner  half-life  than  others  (as  suggested  by  unpublished 
analysis  of  paired  dioxin  measurements  on  36  Ranch  Hands,  see  Chapter  4,  pages  4-9 
through  4'!  2),  then  there  would  have  been  tnisclassification  of  initial  ^oxin  exposure.  If  the 
clinical  endpoint  is  not  associated  with  a  factor  (e.g.,  relative  weight  change)  that  affects  the 
elimination  rate,  then  estimates  of  the  odds  ratio  for  common  diseases  associated  with  low 
and  high  levels  of  initial  dioxin  will,  in  general,  be  biased  toward  unity.  However,  if  the 
clinical  endpoint  is  associated  with  a  factor  that  affects  the  elimination  rate,  then  the  odds 
ratio  will  be  biased  away  from  unity. 

The  validity  of  the  constant  half-life  assumption  cannot  be  assessed  until  the  half-life 
study  is  expanded  to  all  300  Ranch  Hands  with  current  levels  above  background  (above  10 
ppt).  Paired  dioxin  measurements  on  each  of  these  500  Ranch  Hands,  one  derived  from 
frozen  scrum  samples  collected  in  1982  and  the  other  from  serum  colleaed  in  1987,  will 
permit  investigation  of  half-life  variability  with  changes  in  weight,  percent  body  fat,  and 
disease  since  exposure.  Assessment  of  the  Hrst-order  elimination  assumption  will  be  based 
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on  up  to  flve  dioxin  measurements  collected  serially  on  each  of  20  males  who  were  exposed 
during  a  factory  explosion  near  Seveso,  Italy  (3).  The  additional  Air  Force  and  Seveso  data 
will  be  available  in  1991. 

Esrimates  of  health  effects  derived  from  model  2  also  could  be  biased  if,  for  example, 
sowc  Ranch  Hands  were  fast  dioxin  eliminators  (have  a  short  dioxin  half-life)  and  some  were 
slow  eliminatrvs  (have  a  long  half-life).  If  this  phenomenon  was  associated  with  a  covariate 
(e.g.,  relative  weight  change  between  1982  and  1987),  lack  of  adjustment  for  this  covariate 
would  bias  estimates  of  the  slope  or  relative  risk  toward  the  null  values  (slope^O  and  relative 
riskal).  Further  investigation  of  this  possibility  will  occur  during  the  expanded  half-life 
study,  which  is  scheduled  to  begin  in  early  1991.  A  similar  concern  arises  regarding 
estimates  of  effect  derived  from  model  3.  If,  for  example,  a  health  effect  was  expressed  many 
years  after  exposure,  such  an  effect  would  probably  be  apparent  in  contrasts  in  disease  rates 
between  the  background  group  and  Ranch  Hands  in  the  high  current  dioxin  category  with  the 
earliest  tours  of  duty.  The  categorized  current  dioxin  analyses  were  not  adjusted  for  time 
since  tour,  however.  Hence,  it  might  not  be  possible  to  detect  such  an  effect  with  that  model 
because  time  since  tour  was  not  used  for  adjustment.  This  shortcoming  is  partially  overcome 
by  analyses  based  on  model  2,  which  are  adjusted  for  time  since  tour  and  the  interaction 
between  current  dioxin  and  dme. 

Infonsadon  bias,  represented  by  overreporting  disease  symptoms,  was  precluded  by 
verifying  all  diseases  and  conditions  with  mescal  records.  It  is  possible  that  Ranch  Hand 
conditions  may  be  more  verifiable  because  they  may  have  been  sern  by  physicians  more  often 
than  Comparisons;  this  would  be  revealed  by  group  differences  in  the  quantity  and  content  of 
medical  records.  Because  currently  there  is  no  way  to  quantify  these  aspects,  this  potential 
source  of  bias  remains  unexplored.  This  source,  however,  if  it  exists,  would  affect  only 
estimates  of  health  effects  derived  from  model  3  because  Comparison  data  were  not  used  in 
the  model  1  and  model  2  analyses.  Information  bias  due  to  errors  in  the  data  introduced 
through  data  entry  or  machine  error  is  negligible.  All  laboratory  results  were  subject  to  strict 
quality  control  procedures.  Medical  coding  dau  were  verified  completely  by  medical  record 
review. 

Adjustments  for  Covariates  and  Interactions 

In  previous  reports,  the  focus  was  on  overall  group  contrasts  between  all  Ranch  Hands 
and  all  Comparisons,  which  took  advantage  of  the  matched  design.  In  those  analyses,  the 
matching  variables  age,  race,  tnd  occupation  were  eliminated  effectively  as  confounders.  The 
present  dioxin  analyses  within  Ranch  Hands  and  the  categorized  current  dioxin  analyses 
within  Ranch  Hands  and  Comparisons  are  not  benefited  by  the  matched  design.  Military 
occupation  is  a  strong  confounJer  because  it  is  highly  correlated  with  current  dioxin  levels  in 
Ranch  Hands  and  is  related  to  some  health  variables  through  socioeconomic  differences 
between  officers  and  enlisted  personnel.  Education  is  highly  associated  with  military  occupa- 
tioti  and  certain  psychometric  results. 

In  addition,  some  covariates  (e.g.,  percent  body  fat)  may  themselves  be  associated  with 
cunent  dioxin  level  and,  perhaps,  through  their  relationship  with  dioxin,  may  be  related  to  the 
dependent  health  variable.  In  this  situation,  analyses  of  covariance  adjusted  for  such  a 
covariate  are  not  valid,  since  the  assumed  independence  of  the  “treatment”  (current  or  initial 
dioxin)  and  the  covariate  is  not  met  (4),  There  is  no  recourse  but  to  analyze  the  data  with 
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and  without  adjustment  for  the  covshate;  both  analyses  potentially  are  biased.  Thus, 
unadjusted  analyses  must  be  viewed  with  caution  and  circumspection.  Because  some 
covaiiates  may  act  in  an  intervening  manner  relating  the  ‘'treatment*'  to  the  dependent 
variable,  some  adjusted  analyses  of  covariance  are  themselves  subjea  »  bias.  Bias  intrO' 
duced  by  intervening  covariates  is  unavoidable  in  an  observadonal  .study. 

The  adjusted  models  assessed  the  statistical  significance  of  interactions  between  dioxin 
and  the  covariates  to  determine  whether  the  relationship  between  dioxin  and  the  dependent 
variable  (health-related  endpoint)  differed  across  levels  of  the  covariate.  In  many  instances 
the  clinical  importance  of  a  stadstically  significant  dioxin-by-covariate  interaction  is  unknown 
or  uncertain,  ilie  clinical  relevance  of  a  statistically  significant  interaction  would  be 
strengthened  if  the  same  interaction  persisted  among  related  endpoints.  It  is  recognized  that 
due  to  the  large  number  of  dioxin-by-covariate  interactions  that  were  examined  for 
approximately  300  variables,  some  of  the  dioxin-by-covariate  interactions  judged  significant 
at  the  O.OS  level  might  be  spurious  (i.e.,  chance  occurrences  not  of  biological  or  clinical 
relevance).  This  should  be  considered  when  significant  dioxin-by-covariate  interactions  arc 
interpreted.  It  is  imporunt  that  the  size  of  the  p-value  associated  with  each  dioxin-by- 
covariate  interaction  be  weighed  carefully.  For  this  reason  models  without  the  dioxin-by- 
covariate  interaction  Mere  implemented  to  address  the  possibility  that  some  interactions  may 
arise  from  multiple  testing  (see  Chapter  4). 

Consistency 

Ideally,  an  adverse  health  effect  in  Ranch  Hands  attribuuble  to  herbicide  or  dioxin 
would  be  revealed  by  internally  and  externally  consistent  findings.  An  internally  consisten 
finding  does  not  contradict  prior  information,  other  findings,  or  medical  knowledge.  An 
externally  consistent  finding  has  been  established  cither  previously  in  theory  or  empirically 
as  related  to  exposure. 

The  findings  of  positive  trends  of  increasing  abnormalities  with  incieasing  levels  of 
current  dioxin  with  regard  to  lipids,  percent  body  fat.  and  diabetes  are  internally  consistent. 
The  observed  associations  between  dioxin  and  Millon  Clinical  Multiaxial  Inventory  scale 
scores  appear  inconsistent  and  isolated.  They  are  not  consistent  between  themselves  or 
with  known  patterns  of  psychological  disorder. 

Multiple  Testing 

Numerous  dependent  variables  were  considered  because  of  the  lack  of  a  predefined 
medical  endpoint.  Each  dependent  variable  was  analyzed  in  many  different  ways  to 
accommodate  covariate  information  and  different  sutistical  models.  In  the  hypothetical  case 
when  Ranch  Hand  physical  health  is  not  related  to  dioxin,  about  5  percent  of  the  many 
statistical  tests  of  hypotheses  (dioxin  effects  and  dioxin-by-covariate  interactions)  shown  in 
this  report  should  be  exfjccted  to  detect  an  association  between  dioxin  and  he?  Idi  in  Ranch 
Hands  (p-valucs<0.05).  Observing  significant  results  due  to  multiple  testing,  even  when 
there  is  no  relationship  between  dioxin  and  health,  is  known  as  the  multiple-testing  artifact 
and  is  common  in  large  studies.  Unfortunately,  there  is  no  statistical  procedure  available  to 
distinguish  between  those  sutistically  significant  results  that  arise  due  to  the  multiple 
testing  artifact  and  those  that  may  be  due  to  a  bona  fide  dioxin  effect.  Instead,  in  order  to 
weigh  and  interpret  the  findings,  the  authors  have  considered  the  strength  of  the  association, 
consistency,  dose-response  patterns,  and  biologic  credibility. 


1-9 


Trends 

Assessing  consistent  and  meaningful  trends  is  essential  when  interpreting  any  large 
study  with  multiple  endpoints,  clinical  areas,  and  covariates.  However,  caution  must  be  used 
when  assessing  trends.  Increased  numbers  of  abnormalities  or  means  with  increased  dioxin 
levels  across  medically  related  variables  within  a  clinical  area  might  indicate  a  dioxin  effect 
In  this  case,  it  is  important  to  note  that  there  is  a  moderate-to-strong  correlation  between 
some  endpoints.  Hence,  the  strength  of  the  trends  also  must  be  considered  when  assessing 
the  .suspected  association. 

Power  Limitations 

The  fixed  size  of  the  Ranch  Hand  cohort  limits  the  ability  of  this  study  to  detect  a  dioxin 
association.  This  limitation  is  most  obvious  concerning  specific  types  of  cancer,  such  as  soft 
tissue  sarcoma  and  non-Hodgkin*s  lymphoma,  which  are  so  uncommon  that  fewer  than  two 
cases  are  expected  in  this  study,  indicating  that  this  study  has  virtually  no  statistical  power 
to  detect  low-to-moderate  associations  (relative  risks  less  than  5)  with  dioxin.  On  the  other 
hand,  these  sample  sizes  are  sufficient  to  detect  very  small  mean  shifts  in  the  continuously 
distributed  variables  (see  Chapter  4).  For  example,  with  regard  to  IgG,  this  study  has 
approximately  90  percent  power  to  detect  a  mean  shift  of  1  percent.  The  detection  of 
significant  mean  shifts  without  a  corresponding  indication  of  increased  Ranch  Hand 
abnormalities  or  disease  is  considered  to  be  of  little  importance  or  it  may  be  an  artifact  of 
multiple  testing.  This  study  has  good  power  to  detect  relative  risks  of  2.0  or  more  with 
respect  to  diseases,  such  as  hean  disease  and  basal  cell  carcinoma,  occurring  at  prevalences 
of  at  least  5  percent  in  unexposed  populations. 

In  an  anempt  to  overcome  the  lack  of  power  to  detea  group  differences  for  specific  types 
of  systemic  cancer,  all  types  of  systemic  cancer  were  combined  into  a  single  variable.  It  is 
still  possible,  however,  that  an  inaeased  risk  could  exist  for  a  particularly  rare  type  of  cancer, 
allowing  that  increased  risk  to  be  missed  in  this  study. 

Strength  of  Association 

Ideally,  an  adverse  effect,  if  it  exists,  would  be  revealed  by  a  strong  association 
between  categorized  current  dioxin  and  a  disease  condition;  that  is,  by  a  statistically 
significant  relative  risk  greater  than  2.0  for  Ranch  Hands  in  the  high  current  dioxin  category 
relative  to  the  unexposed  Comparisons  (5).  Statistically  significant  relative  risks  less  than 
2.0  are  considered  to  be  less  important  than  larger  risks  because  the  relative  risks  less  than 
2.0  can  easily  arise  due  to  unperceived  bias  or  confounding.  Relative  risks  greater  than  5.0 
are  less  subject  to  this  concern.  The  numbers  2  and  5  arc  rules  of  thumb  regarding  analyses 
of  association  between  a  dichotomous  endpoint  (disease,  no  disease)  and  dichotomized 
exposure  (exposed,  unexposed).  No  such  rules  have  been  published  regarding  the  analysis 
of  continuously  distributed  endpoints  (such  as  cholesterol)  versus  continuously  distributed 
exposure  (such  as  initial  or  current  dioxin  in  models  1  and  2). 

Biological  Credibility 

The  assessment  of  biological  credibility  requires  consideration  of  the  following  question. 
In  biological  terms,  can  it  be  understood  how  the  exposure  under  study  could  produce  the 
effect  of  interest?  While  a  lack  of  biological  credibility  or  even  a  contradiction  of  biological 
knowledge  can  lead  to  the  dismissal  of  a  significant  result,  the  failure  to  perceive  a 
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mechanism  may  reflect  only  ignorance  of  the  state  of  nature.  On  the  other  hand,  it  is  easy  to 
ascribe  biological  mechanisms  that  relate  almost  any  exposure  to  almost  any  cancer.  Thus, 
while  pertinent,  the  response  to  this  question  is  not  always  convincing. 

Interpretation  of  Negative  Results 

A  1985  study  (6)  presents  minimal  sample-size  criteria  for  proof  of  safety  and  hazard  in 
studies  of  environmental  and  occupational  exposures.  The  study  was  directed  at  rectifying 
widespread  misconcepdcns  about  proof  of  safety  in  the  nxdical  and  scientific  establishments 
and  in  other  groups  involved  in  public  health  and  safety.  Thus,  a  lack  of  significant  results 
relating  dioxin  to  a  particular  disease  only  means  that  this  study  is  unable  to  detect  a 
relationship  between  dioxin  and  health.  This  does  not  imply  that  a  relationship  does  not 
exist,  but  that,  if  it  does  exist,  it  was  not  detected.  A  lack  of  significant  results  does  not 
mean  that  dioxin  is  safe  or  that  there  is  no  relationship  between  dioxin  and  health,  because 
this  study  is  not  designed,  nor  was  it  intended,  to  establish  safety.  This  study  was  designed 
to  determine  whether  a  hazard  existed  for  the  exposed  personnel  and  not  whether  dioxin  was 
“safe." 

Interpretation  of  the  Coefricient  of  Determination 

The  coefficient  of  determination,  R2,  measures  the  proportionate  reduction  of  the  total 
variation  in  a  continuously  distributed  health  variable  y  associated  with  the  set  of 
independent  variables  in  a  linear  regression.  A  large  value  of  R2  does  not  necessarily  imply 
that  the  fitted  model  is  a  useful  one.  Large  values  of  R^  would  occur,  for  example,  if  y  is 
regresred  on  an  independent  variable  with  only  two  observed  values.  On  the  other  hand, 
very  small  values  of  R^  arc  generally  seen  in  observational  studies  because  little  or  no 
control  has  been  applied  in  the  assignment  of  the  values  of  the  “treatment"  (initial  or  current 
dioxin)  or  the  conidons  under  which  the  “treatment”  has  been  applied.  In  this  study,  the 
dioxin  measurements  were  taken  many  years  after  exposure  and  are  themselves  subject  to 
measurement  error.  Thus,  in  most  analyses,  the  values  of  R^  in  this  study  are  small. 

Clinical  Interpretation  of  Discrete  versus  Continuous  Data 

Small  but  significant  mean  differences  in  a  continuously  measured  health  variable  (e.g., 
systolic  blood  pressure)  between  exposed  and  unexposed  groups  when  there  arc  no 
corresponding  differences  in  the  percentage  of  abnormal  tests  arc  difficult  to  assess  in  any 
study.  In  this  study,  significant  mean  differences  arc  somedmes  observed  without  a 
corresponding  group  difference  in  the  proportion  outside  the  normal  range.  Such  contrasung 
situadons  may  be  interpreted  as  spurious  outcomes  of  no  clinical  consequence,  or  as  a 
subclinical  dioxin  effect.  Significant  trends  in  the  mean  with  increasing  levels  of  dioxin  are 
interpreted  as  a  dioxin-related  effect  if  a  corresponding  trend  is  seen  in  the  proportion  above 
or  below  the  normal  range. 

Minimal  versus  Maximal  Results 

The  minimal  and  maximal  assumptions  for  Ranch  Hands  having  background  dioxin 
levels  (^10  ppt)  were  imposed  to  address  the  unknown  exposure  history  of  this  subgroup. 
There  were  345  Ranch  Hands  in  this  “unknown”  category.  In  the  minimal  analyses,  ail  of 
these  were  excluded  from  the  dau  set.  In  the  maximaj  analyses,  only  those  with  less  than  or 
equal  to  5  ppt  (n=124)  were  excluded.  The  intent  of  these  two  analyses  was  to  “trap”  the 
true  dioxin  versus  health  relationship  between  them.  The  results  of  the  maximal  analyses 
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appear  to  be  statistically  significant  more  often  than  those  of  the  minimal  analyses.  This 
could  be  due  to  the  larger  sample  size  of  the  maximal  cohon  or  it  could  be  due  to  the 
uncertainty  of  true  exposure  ia  Ranch  Hands  between  S  ppt  and  10  ppt.  There  are  no 
additional  data  available  at  this  dme  with  which  to  resolve  these  two  interpretations. 

Graphics 

The  histograms,  scatter  plots,  and  graphical  descriptions  of  interactions  were  included 
as  aids  to  interpretation.  The  graphics  alone  are  not  sufficient  to  assess  the  relationship 
between  dioxin  and  health.  For  example,  a  trend  may  be  seen  in  a  plot,  but  it  could  be 
statistically  nonsignificant  because  the  number  of  abntmnalides  is  small.  On  the  other  hand, 
a  statisdc^y  significant  result  can  be  clarified  by  the  graphics,  especially  if  the  result 
depends  on  a  few  data  points  that  appear  far  from  the  main  cluster.  Such  points  are  termed 
“outliers*’  by  stadsticians.  Outside  of  the  inidal  quality  control  review  activities,  no 
additional  effort  was  made  to  identify  statistically  significant  outliers  in  this  report 

The  Checkmark  Pattern 

In  many  model  3  analyses,  the  “unknown”  Ranch  Hand  group  has  the  lowest 
percentage  of  abnormalities;  this  phenomenon  is  termed  “the  checkmark  pattern.”  These 
patterns  are  interesting  but  are  without  explanation  at  this  time.  Some  reanalyses  were 
accomplished  with  adjustment  for  military  rank  (officers,  enlisted  personnel),  but  the 
checkinark  pattern  remained  after  adjustment  This  effect  will  be  a  subject  of  continued  focus 
in  futurs  reports. 

Extrapolation  to  Army  Ground  Troops 

Extrapolation  of  the  serum  dioxin  results  to  the  general  population  of  ground  troops  who 
served  in  Vietnam  is  difficult  because  Ranch  Hand  and  ground  troop  exposure  situations  were 
quite  different  Based  on  serum  dioxin  testing  results  done  by  CDC  (7)  and  others  (8), 
nearly  all  ground  troops  tested  have  current  levels  of  dioxin  similar  to  background  levels. 

Even  ground  troops  who  served  in  herbicide-sprayed  areas  of  Viemam  had  current  levels 
indistinguishable  from  levels  in  men  who  never  left  the  United  States  (with  means  of  4.2  ppt 
and  4.1  ppt  respectively).  The  AFHS  subgroup  most  like  the  ground  troops  in  terms  of 
current  ^oxin  levels  are  Ranch  Hands  who  currently  have  background  levels  of  dioxin  (10  ppt 
or  less— designated  as  the  “unknown”  current  dioxin  category  in  the  model  3  analyses). 
Therefore,  if  the  results  of  the  AFHS  are  applied  to  the  general  population  of  Viemam 
veterans,  the  focus  should  be  on  the  unknown  Ranch  Hand  versus  background  Comparison 
contrast  in  th  e  model  3  analyses.  However,  extrapolating  the  results  of  these  analyses  to 
Viemam  veterans  should  still  be  made  cautiously.  There  may  be  demographic  distinctions 
between  the  unknown  group  of  Ranch  Hands  and  other  Viemam  veterans  that  may  be  related 
to  health.  Also,  if  Ranch  Hands  in  the  unknown  current  dioxin  category  showed  a  significant 
health  detriment  relative  to  Comparisons  in  the  background  category,  but  there  was  no 
significant  detriment  for  Ranch  Hands  in  the  high  current  dioxin  category,  the  biological 
plausibility  of  such  an  effect  would  be  questionable  because  this  would  not  indicate  a  dose- 
response  effect  In  general,  the  adjusted  model  3  analyses  found  diat  Ranch  Hands  in  the 
unknown  current  dioxin  category  did  not  show  a  significant  health  detriment  relative  to 
Comparisons  in  the  background  current  dioxin  category.  This  was  particularly  true  for  the 
variables  that  exhibited  a  significant  .high  versus  background  contrast 


Summary  of  Results 

Many  readers  of  this  report  will  attempt  to  tally  statistically  significant  results  across 
clinical  areas  and  study  cycles.  A  study  of  this  scope  with  a  multitude  of  endpoints  and  no 
prescribed  strength  of  associadon  to  declare  an  effect  demands,  and  at  the  same  time  defies, 
meaningful  summary  tabuladon.  Such  summaries  can  be  misleading  because  they  ignore 
correladons  between  the  endpoints,  correladons  between  study-cycle  results,  and  the 
nonquantifiable  medical  importance  of  each  endpoint  In  fact,  many  endpoints  are  redundant 
(e.g.,  psychological  scales  and  indices  developed  from  combining  muldple  variables)  so  as  not 
to  miss  a  dioxin  effect  and  some  (such  as  those  arising  from  mea.sures  of  pulmonary  function) 
were  not  suspected  beforehand  to  be  related  to  dioxin  exposure. 

In  addition,  such  tabulations  combine  endpoints  that  medically  are  not  comparable.  For 
example,  a  diminished  sense  of  smell  is  of  less  medical  importance  than  the  presence  of 
malignant  neoplasm.  Statisticians  have  attempted  to  sumnoarize  multidimensional  repeated 
measures  data  with  growth  curve  analyses.  Such  methods  were  not  used  in  this  study 
because  they  apply  to  continuously  distributed  data  only,  do  not  account  for  medical 
importance,  and  reduce  the  data  too  much. 

Nevertheless,  given  the  lack  of  adequate  summary  statistics,  the  tally  of  significant 
results  will  occur.  Such  summaries  can  be  misleading  and  must  be  interpreted  carefully. 

CONCLUSION 

The  interpretation  of  the  AFHS  requires  careful  consideration  of  porential  biases, 
interactions,  consistency  of  results,  the  multiple-testing  artifact,  dose-respon.se  patterns, 
trends,  power  limitations,  strength  of  association,  and  biological  credibility. 


CHAPTER  1 


REFERENCES 


1.  Thomas,  W.F.,  W.D.  Grubbs,  T.G.  Karrison,  M.B.  Lustik,  R.H.  Rocgncr,  D.E.  WiUiams, 

WJL  Wolfe,  J^Michalek,J.C  Miner,  and  R.W.Ogcrsholc.  1990.  Epidemiologic 
ir.vesdgadon  of  health  effects  in  Air  Force  personnel  following  exposure  to 
herbicides:  1987  followup  examination  results,  NTIS:  AD  A  222  573.  USAF  School 
of  Aerospace  Medicine,  Human  Systems  Division,  Brooks  Air  Force  Base,  Texas. 

2.  Piikle,  Ji.,  W  JI.  Wolfe,  D.G.  Patterson,  L.L.  Needham,  J£.  Michalek,  J.C.  Miner,  M.R. 

Peterson,  and  D.L.  Phillips.  1989.  ^dmates  of  the  half  life  of  2,3,7, 8* 
tetrachlorodibenzo-p-dioxin  in  Vietnam  veterans  of  Operation  Ranch  Hand.  7.  o/ 
Toxicol,  and  Environ.  Health  27:165-71. 

3.  Mocharelli,  P.,  D.G.  Patterson,  Jr.,  A.  Marochi,  and  L.L.  Needham.  1990.  Pilot  study 

(Phase  II)  for  determining  polychlorinated  dibenzo-p-dioxin  (PCDD)  and 
polychlorinated  dibenzofuran  (PCDF)  levels  in  serum  of  Seveso,  Italy,  residents 
collected  at  the  time  of  exposure:  Future  plans.  Chemosphere  20:967-74 

4.  Rosenbaum,  P.R.  1984.  The  consequences  of  adjustment  for  a  concomitant  variable 

that  has  been  affected  by  the  treatment  Journal  of  the  Royal  Statistical  Society 
147:656-66, 

5.  Breslow,  NJE..  and  N.E  Day.  1980.  Statistical  methods  in  cancer  research.  Lyon, 

France:  International  Agency  for  Research  on  Cancer. 

6.  Bross,  IJD.  1985.  Proof  of  safety  is  much  more  difficult  than  proof  of  hazard.  Biometrics 

41:785-93. 

7.  The  Centers  for  Disease  Control.  1938.  Serum  2,3,7, 8-tetrachlorodibenzo-p-dioxin 

levels  in  U.S.  Army  Vietnam-era  veterans.  JAMA  260:1249-54. 

8.  Kahn,  P.C.,  M.  Gochfeld,  M.  Nygren,  M.  Hansson,  C.  Rappe,  H.  Velez,  T.  Ghent- 

Guenther,  and  W.P.  Wilson.  1988.  Dioxins  and  dibenzofurans  in  blood  and  adipose 
tissue  of  Agent  Orange-exposed  Vietnam  veterans  and  matched  controls.  JAMA 
259:1661-67. 


1-14 


CHAPTER  2 


DIOXIN  ASSAY 


SAMPLE  ACQUISITION 

Blood  for  the  serum  dioxin  assay  was  drawn  on  the  morning  of  the  second  day  of  the 
physical  examination  in  1987.  Participants  who  volunteered  to  give  blood  for  the  dioxin  assay 
fasted  after  midnight  (water  was  allowed).  Blood  was  drawn  from  the  participants  with  a  15- 
gauge  needle  into  a  blood  pack  unit  without  anticoagulant  The  blood  pack  units  had  been 
tested  previously  by  the  Centers  for  Disease  Control  (CDQ  and  were  found  to  be  free  of 
dioxin  contamination.  Participants  selected  for  the  immunology  studies  had  250  ml  of  blood 
drawn;  all  others  had  350  ml  of  blood  drawn.  After  drawing,  the  bags  were  clamped,  labeled, 
placed  upright  at  room  temperature,  and  allowed  to  clot  for  7  hours.  Appendix  B-1  contains 
the  Scripps  Clinic  and  Research  Foundation’s  (SCRF)  procedure  for  the  dioxin  blood 
collection  and  processing. 


The  unit  bags  were  centrifuged  for  15  minutes  at  4500  RPM  at  a  temperature  of  4*C  to 
10*C.  The  serum  was  then  transferred  to  transfer  packs  (also  dioxin-free)  from  the  spun  unit 
bag  by  a  plasma  extractor.  The  transfer  packs  were  spun  for  15  minutes  at  4500  RPM.  The 
serum  was  then  placed  into  four  Wheaton  bottles;  two  4-ounce  bottles  for  the  serum  dioxin 
analysis,  a  5  ml  bottle  for  the  lipid  profile,  and  a  10  ml  bottle  for  reserve  serum.  Samples 
were  logged  and  stored  at  -20*C  or  less  until  shipment.  Frozen  samples,  packed  in  dry  ice  in 
styrofoam  boxes,  were  shipped  twice  weekly  from  SCRF.  La  Jolla,  California,  to  Brooks  Air 
Force  Base,  Texas.  At  Brooks  Air  Force  Base,  inventory  was  taken  and  the  specimens  were 
stored  at  -70*C  until  shipment  to  the  CDC.  All  samples  were  coded  so  that  the  CDC  was 
blinded  to  the  group  statu:  (Ranch  Hand,  Comparison)  of  each  specimen. 

ANALYTICAL  METHOD 

The  scrum  samples  were  analyzed  for  dioxin  in  analytical  runs  that  consisted  of  a 
method  blank,  three  unknown  samples,  and  a  quality  control  pool  sample  (1,2).  Cholesterol 
esters,  triglycerides,  and  high-density  lipoprotein  cholesterol  were  dete'.nincd  in  duplicate  by 
standard  methods.  Total  phospholipids  were  determined  in  duplicate  by  modifying  (3)  the 
Fold)  ct  al.  procedure  (4).  Fresh  cholesterol  was  determined  in  duplicate  by  an  enzymatic 
method  (5).  For  each  analysis,  the  results  of  the  duplicate  analyses  were  averaged  and  the 
mean  was  used.  These  results  were  used  to  calculate  the  concentrations  of  (a)  total  lipids 
using  the  summation  method  (6),  (b)  lew-density  lipoprotein  cholesterol,  and  (c)  very  low- 
density  lipoprotein  cholesterol  (7). 

QUALITY  CONTROL 

Quality  assurance  was  maintained  with  matrix-based  materials  that  are  well 
characterized  for  dioxin  concentration  and  isotope  ratios  to  ensure  that  the  analytical  system 
was  in  control.  Quality  control  (QC)  chans  were  maintained  for  each  of  these  materials  (five 
serum  pools).  The  concentration  in  the  QC  sample  from  each  analytical  run  must  be  within  99 
percent  confidence  limits  established  for  the  QC  material  (8.  9).  The  unlabeled  and  carbon- 13 
labeled  internal  standard  isotope  ratios  must  be  within  95  percent  confidence  limits.  All 
analytical  runs  for  the  dioxin  and  lipid  measurements  were  in  control.  No  dioxin  was  detected 
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TABLE  2-1. 


Report  Field  Definition 


Report 

Field 

Value 

Definition 

G 

Good  result 

GML 

Good  result,  missing  lipids 

GND 

Good  result,  below  limit  of  detection 

GNQ 

Good  result,  below  limit  of  quantitation 

NR 

No  result 

in  the  blanks  (on-column  injection  of  1(X)  femtograms  from  a  standard  solution  produces 
detectable  signals  that  are  greater  than  three  times  the  background  noise). 

DATA  DELIVERED  TO  THE  AIR  FORCE  BY  THE  CENTERS  FOR  DISEASE 
CONTROL 

The  dioxin  data  used  in  this  report  were  derived  from  a  data  base  of  results  on  932 
Ranch  Hands  and  888  Comparisons  delivered  by  the  (TDC  in  January  1990.  The  CDC  sent 
data  on  whole-weight  and  lipid-weight  dioxin  concentradons  to  the  Air  Force  together  with 
the  total  sample  weight,  weights  of  lipid  fractions,  total  lipid  weight,  the  detection  limit, 
quantitation  limit,  and  all  associated  (JC  information,  including  results  from  blank  samples. 
Table  2-1  defines  a  "report”  field  in  the  data  base. 

Some  participants  (150  Ranch  Hands  and  50  Comparisons)  participated  in  a  pilot  dioxin 
study  in  April  1987  (8).  Four  of  these  (three  Ranch  Hands  and  one  Comparison)  had  a 
missing  dioxin  result  (report=NR),  the  rest  had  good  results  (report=G).  The  remaining  147 
Ranch  Hands  and  49  Comparisons  were  included  in  the  dioxin  data  base  from  which  the 
analysis  data  set  for  this  report  was  derived.  Of  these,  145  Ranch  Hands  and  48 
Comparisons  were  also  fully  compliant  to  the  1987  physical  examination.  Forty-seven  of  the 
pilot  study  participants  (43  Ranch  Hands  and  4  Comparisons)  also  had  blood  drawn  for  the 
dioxin  assay  at  the  1987  physical  examination  (May  1987  through  March  1988).  If  a 
participant  was  assayed  during  the  pilot  study  but  not  at  the  1987  physical  examination,  or  if 
he  was  assayed  at  the  pilot  study  and  at  the  1987  physical  examination,  then  his  pilot  study 
assay  was  used. 

Table  2-2  shows  counts  of  study  participants  by  group,  report,  and  compliance  to  the 
1987  physical  examination. 
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TABLE  2-2. 


Sample  Sizes  by  Group,  Report,  and  Compliance  to  the 
1987  Physical  Examination 


Report 

_ Ranch  Hand _ 

_ Comparison _ 

Fully 

Compliant 

Noncompliant 

Fully 

Compliant 

Noncompliant 

G 

858 

2 

761 

1 

GML 

0 

0 

1 

0 

GND 

8 

0 

43 

0 

GNQ 

20 

0 

51 

0 

NR 

44 

0 

31 

0 

Total 

930 

2 

887 

1 

Missing  dioxin  results  (report^NR  or  GML)  and  nonquantitatable  dioxin  results 
(report=GNQ)  were  excluded  from  analysis  in  this  report.  The  resulting  effective  sample 
sizes  (866  Ranch  Hands  and  804  Comparisons)  were  determined  by  the  condidon  that  the 
participants  were  fully  compliant  to  the  1987  physical  examination.  Table  2-3  summarizes 
this  sample  size  reduction. 


TABLE  2-3. 

Sample  Sizes  Used  in  This  Report 


_ _ Ranch  Hand _ Comparison 

Fully  compliant  to  1987  physical 


examination  and  assayed  for  dioxin 

930 

887 

Report 

Less  GNQ 

(20) 

(51) 

NR 

(44) 

(31) 

GML 

(0) 

(1) 

Total 

866 

804 
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TABLE  2-4. 


Dioxin  Result  Summary  of  S66  Ranch  Hands  and  804  Comparisons 


Stratum 

Ranch  Hands _ 

Comparisons _ _ 

n 

Median 

Range 

n 

Median 

Range 

Ofiker 

319 

7.8 

0-42.6 

291 

4.7 

Enlisted  Flyer 

148 

18.1 

0-195.5 

127 

0-12.8 

Enlisted  Groundcrew 

399 

24.0 

0-617.8 

386 

Total 

866 

12.8 

0-617.8 

804 

4.2 

0-54.8 

Table  2*4  summarizes,  by  militaiy  occupation  and  group,  the  dioxin  results  among  the 
866  Ranch  Hands  and  804  Comparisons  whose  results  were  used  in  analyses  of  dioxin 
versus  health  in  this  report. 


The  9Sth,  98th,  and  99th  percentiles  of  the  Ranch  Hand  dioxin  distribution  were  110,8, 
168.0,  and  211,0  ppt;  the  corresponding  Comparison  percentiles  were  8.3, 10.2,  and  14.2  ppt. 

CDC  subsequently  provided  314  Comparison  dioxin  results  after  January  1990  (the 
beginning  date  for  statistical  analyses  involving  Comparison  data).  Of  these  314  dioxin 
results,  253  had  a  report  field  value  of  G  or  GND,  24  had  a  report  field  value  of  GNQ,  and  37 
had  a  report  field  value  of  NR  (no  result).  Of  the  253  Comparisons,  the  median  current  dioxin 
result  was  4.1  ppt,  the  range  of  levels  was  between  0  ppt  and  13.6  ppt,  and  the  first  and  third 
quartiles  were  2.9  ppt  and  5.8  ppt.  The  percentages  of  the  253  Comparisons  and  of  the  804 
Comparisons  analyzed  in  this  report,  having  levels  less  than  10  ppt,  were  97.8  and  97.6, 
respectively.  A  statistical  contrast  of  the  dioxin  distributions  of  these  253  and  the  804 
Comparisons  included  in  this  repon  revealed  no  significant  difference  (p=0.15),  as  expected. 


The  phrase  “serum  dioxin”  is  used  throughout  this  report  and  is  defined  as  the  serum 
lipid-wei^t  concentration  of  2,3,7,8-tctrachlorodibenzo-p-dioxin  (TCDD).  Its  relationship 
with  dioxin  concentrations  in  other  compartments,  such  as  adipose  tissue,  is  a  subject  of 
continuing  research.  The  lipid-weight  dioxin  measurement,  also  called  “current  dioxin  body 
burden”  in  this  report,  is  a  derived  quantity  calculated  from  the  formula  ppt  »  ppq»102.6/W, 
where  ppt  is  the  lipid-weight  concentration,  ppq  is  the  actual  weight  of  dioxin  in  the  sample  in 
femtograms,  102.6  corrects  for  the  average  density  of  serum,  and  W  is  the  toul  lipid  weight  of 
the  sample  (9).  The  correlation  between  the  serum  lipid-weight  concentration  and  adipose 
tissue  lipid-weight  concentration  of  TCDD  has  been  observed  to  be  0.98  in  50  persons  from 
Missouri  (10).  Using  the  same  data,  Patterson  et  al.  calculated  the  partitioning  ratio  of  dioxin 
between  adipose  tissue  and  serum  on  a  lipid-weight  basis  as  1.09  (95%  C.I.;  (0.97,1.21]). 

On  the  basis  of  these  data,  a  one-to-one  partitioning  ratio  of  dioxin  between  lipids  in  adipose 
tissue  and  the  lipids  in  serum  cannot  be  excluded.  Measurements  of  dioxin  in  adipose  tissue 
generally  have  been  accepted  as  representing  the  body  burden  concentration  of  dioxin.  The 
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high  correlation  between  serum  dioxin  levels  and  adipose  tissue  dioxin  levels  in  their  study 
suggests  that  serum  dioxin  is  also  a  valid  measurement  of  dioxin  body  burden. 
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CHAPTER  3 


THE  RELATIONSHIP  BETWEEN  THE  EXPOSURE  INDEX  AND 
DIOXIN  BODY  BURDENS  IN  RANCH  HANDS 


INTRODUCTION 

An  increased  prevalence  of  adverse  health  effects  at  higher  levels  of  exposure 
represents  the  classic  dose-response  relationship  sought  in  any  study  of  cnviromnental  or 
occupational  exposure  to  potentially  toxic  substances.  In  previous  Air  Iwe  Health  Study 
(AFHS)  reports,  the  potential  relationship  between  ctir.ical  endpoints  and  herbicide  exposure 
in  Ranch  Hands  was  assessed  using  a  calculated  esdmate  of  TCDD  exposure,  hereafter 
called  the  exposure  index. 

The  exposure  index  was  constructed  solely  from  available  historical  data  to  measure  the 
potential  exposure  of  a  Ranch  Hand  to  any  of  four  2,3.7,8-tetrachlorodibcnzo-p-dioxin 
(TCDD)-containing  herbicides:  Herbicides  Orange,  Purple,  Pink,  and  Green  (1).  The  index 
was  only  an  estimate  of  exposure,  because  the  actual  concentration  of  TCDD  in  the 
herbicides  varied  with  type  and  lot  as  well  as  with  individual  work  habits  and  duties.  The 
calculadon  of  the  index  was  necessary  because  actual  measures  of  dioxin  exposure  on 
individuals  during  or  just  after  their  Southeast  Asia  tours  were  not  feasible  at  that  dme. 

Exposure  Index  Definition 

The  exposure  index  for  a  Ranch  Hand  was  defined  as  the  product  of  a  TCDD  weighting 
factor  and  the  gallons  of  TCDD  herbicides  sprayed  during  his  tour  diviled  by  the  number  of 
Ranch  Hands  sharing  his  duties  during  his  tour.  The  TCDD  weighdng  factor  reflected  the 
estimated  reladve  concentration  of  TCDD  in  the  herbicides  sprayed;  these  were  2  ppm  in 
Herbicide  Orange,  33  ppm  in  Herbicide  Purple,  66  ppm  in  Herbicide*  Pin!;,  and  66  ppm  in 
Herbicide  Green,  as  determined  from  archived  samples  (I).  Based  on  procurement  records 
and  historical  spray  records,  a  combination  of  Herbicides  Green,  Pitde,  and  Purple  was 
sprayed  beween  January  1962  and  June  1965.  The  estimated  mean  concentration  of  TCDD  in 
this  combination  during  that  period  was  48  ppm,  Tlte  “Herbs”  tape  and  other  data  sources 
(1)  indicate  that  only  Herbicide  Orange  was  sprayed  by  Operation  Ranch  Hand  after  I  July 
1965,  Normalizing  to  Herbicide  Orange,  the  weighting  factor  was  defined  as  24  for  a  Ranch 
Hand  with  a  tour  of  duty  before  1  July  1965  and  as  I  for  a  Ranch  Hand  with  a  tour  of  duty  after 
1  July  1965. 

A  table  showing  gallons  of  TCDD-conuiining  herbicide  sprayed  for  each  month  of  the 
Ranch  Hand  operation  was  constructed  using  dau  derived  trem  the  Herbs  tape. 

Contemporary  Historical  Evaluation  and  Combat  Rejjorts,  and  quarterly  operations  reports. 
Gallons  of  Herbicides  Purple,  Pink,  and  Green  were  converted  to  Herbicide  Orange 
equivalents  ba.sed  on  the  TCDD  weighting  factor.  Appendix  B-2  contains  this  table. 

The  tour  dates  and  military  occupation  of  each  Ranch  Hand  were  verified  by  review  of 
military  records.  The  study  design  reduced  the  many  occupational  categories  (specified  by  an 
Air  Force  Specialty  Code)  to  five:  (1)  officer-pilot,  (2)  officer-navigator,  (3)  officer-nonfiying, 
(4)  enlisted  flyer,  and  (5)  enlisted  groundcrew.  After  computing  the  index  for  each  Ranch 
Hand,  he  was  placed  in  one  of  three  exposure  categories  (“low,”  “medium,”  and  “high”) 


3-1 


TABLE  3-1. 


Exposure  Index  Categorization  of  866  Fully  Compliant 
Ranch  Hands  With  TCDD  Results 


Occupadon 

Exposure 

Index 

Category 

Effective  Herbicide 
Orange  Gallons 
Coraraiponding  to 
Exposure  Index  Category 

Number  of  Ranch  Hand 
Fazdcipanu  in 
Exposure  Index  Category 

Officer 

Low 

<35,000 

109 

Medium 

35,000-70,000 

104 

High 

>70,000 

106 

Enlisted 

Low 

<50.000 

43 

Flyer 

Medium 

50,000-85,000 

57 

High 

>85.000 

48 

Enlisted 

Low 

<20,000 

127 

Groundcrew 

Medium 

20,000-27,000 

139 

High 

>27,000 

133 

Total 

866 

according  to  the  teniles  of  the  index  in  three  occupational  categories:  ofHcer,  enlisted  flyer, 
and  enlisted  groundcrew.  The  officer  category  consisted  of  officers  who  were  pilots^ 
navigators,  or  nonflyers.  Table  3<1  shows  counts  of  the  866  Ranch  Hands  who  subsequendy 
had  serum  levels  determined  and  who  were  fully  compliant  to  the  1987  examination  according 
to  their  assigned  exposure  index  category.  Nonflying  officers  were  assigned  an  exposure 
index  value  of  zero  and  were  placed  in  the  “low”  category  of  exposure. 

The  index  was  not  useful  for  assessing  the  exposure  of  any  specific  individual  because  it 
did  not  account  for  variation  in  exposures  due  to  work  habits  and  duties.  For  example,  it  was 
known  that  some  Ranch  Hand  enlisted  ground  personnel  primarily  were  occupied  with 
administrative  dudes  and  probably  had  little  actual  contact  with  herbicides.  Other  enlisted 
Ranch  Hands  periodically  greased  an  emergency  dump  valve  inside  the  spray  tank.  To  do 
this,  me  Ranch  Hand  had  to  enter  the  spray  tank  and  apply  the  grease  to  a  valve  at  the 
bottom  of  the  tank  which  contained  at  least  2  inches  of  herbicide. 

In  past  reports,  every  clinical  endpoint  was  evaluated  for  a  dose-response  effect  versus 
the  calculated  exposure  index.  Few  significant  trends  were  round.  Those  that  were  found 
were  not  consistent  with  other  findings  or  were  medically  implausible  or  both. 
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The  Dioxin  Assay 

The  dioxin  assay  provides  a  direct  measurement  of  current  dioxin  burden  which, 
together  with  assumptions  regarding  the  decay  process,  provides  an  approximate  measure  of 
TCDD  exposure  in  Ranch  Hands  and  Comparisons.  The  assay  is  prefei^  over  the 
calculated  exposure  index,  because  it  is  a  direct  rather  than  indirect  measure  of  TCDD 
exposure.  Confidence  in  the  assay  as  a  measure  of  TCDD  exposure  is  heightened  by  the 
following:  (a)  Ranch  Hand  results  are  generally  greater  than  those  of  the  Comparisons,  and 
(b)  Ranch  Hand  results  are  logically  placed  relative  to  those  of  industrially  exposed 
individuals  and  people  exposed  to  TCDD  in  Seveso,  Italy  (2).  Additionally,  differences  in 
TCDD  body  burdens  between  the  three  occupational  groups  within  the  Ranch  Hand  group  are 
in  accordance  with  recent  information  regarding  the  relative  exposure  of  the  occupational 
cohorts  gleaned  from  interviews  of  two  Ranch  Hand  crew  chiefs,  administered  before  any 
Ranch  Hands  were  assayed  for  TCDD.  Based  on  those  interviews,  it  appears  that  Ranch 
Hand  groundcrew  had  more  opportunity  for  cutaneous  exposure  titan  enlisted  flyers  or  officers 
and  that  enlisted  flyers  had  more  opportunity  than  officers  for  cutaneous  exposure  and 
inhalation  of  herbicide  spray.  These  aspects  will  be  investigated  during  an  analysis  of  a 
questionnaire  administered  to  all  assay^  Ranch  Hand  enlisted  ground  personnel  before  they 
received  their  scrum  dioxin  assay  results.  These  men  were  asked  whether  they  entered  the 
spray  tank  to  .service  the  dump  valve  and  if  so,  how  often.  Other  questions  addressed  daily 
exposures  reponed  by  crew  chiefs  during  in-person  interviews  at  Brooks  Air  Force  Base; 
Texas,  in  1988. 

The  relative  position  of  the  Ranch  Hand  results  in  contrast  to  other  study  cohorts  lends 
credence  to  the  assay  as  a  measure  of  TCDD  exposure.  The  Ranch  Hand  serum  dioxin 
results  are  less  than  those  observed  in  people  exposed  in  Seveso,  Italy,  and  arc  greater  than 
those  observed  in  U.S.  Army  ground  troops  and  the  Air  Force  Comparison  cohort.  Ranch 
Hand  dioxin  results  arc  also  generally  less  than  those  observed  in  a  National  Institute  for 
Occupational  Safety  and  Health  study  of  workers  who  produced  trichlorophenol  and  its 
derivatives  (3). 

The  Exposure  Index  versus  the  Dioxin  Assay 

The  relationship  between  the  assay  results  and  the  exposure  index  provides  an 
indication  of  the  extent  to  which  Ranch  Hands  have  been  misclassificd  by  the  exposure  index. 
Figure  3-1  shows  a  scatter  plot  of  the  extrapolated  initial  dioxin  concentrations  of  the  742 
Ranch  Hands  in  the  maximal  cohon  (having  current  dioxin  greater  than  5  ppt;  see  Chapter  4, 
Statistical  Methods)  versus  the  continuously  distributed  exposure  index.  The  extrapolated 
initial  dioxin  concentration  (I)  was  computed  from  the  current  dioxin  level  (Q  and  the  time  in 
years  between  the  end  of  the  Vietnam  tour  and  the  dioxin  bloc"^  draw  (T)  with  the  formula  I  = 
02^  where  P  =  T;7.1. 

Both  distributions  are  highly  skewed,  hence  the  concentration  of  observations  near  the 
origin.  Figure  3-2  shows  the  bivariate  scatter  plot  of  the  logarithms  of  these  quantities.  The 
logarithms  arc  taken  to  the  base  2  and  1  was  added  to  the  exposure  index  prior  to  taking  the 
logarithm. 

The  conesponding  scatter  plots  of  current  dioxin  versus  the  exposure  index  and  the 
logarithms  of  these  quantities  in  all  866  Ranch  Hands  fully  compliant  to  the  1987  examination 
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FIGURE  3-1.  Initial  Dioxin  versua  the  Exposure  Index  in  Ranch  Hands 
With  Current  Dioxin  Greater  Than  5  ppt  (N-742) 


FIGURE  3-2.  Logarithm  of  Initial  Dioxin  versus  Logarithm  of  the  Exposure  Index 
in  Ranch  Hands  With  Current  Dioxin  Greater  Than  5  ppt  (N-742) 


having  a  dioxin  result  are  shown  in  Hgures  3*3  and  3-4.  Figures  3-S  through  3*7  show  the 
logarithmic  scatter  plots  within  each  of  the  three  occupational  strata  (officer,  enlisted  flyer, 
enlisted  groundcrew).  One  ppt  was  added  to  each  current  dioxin  concentration  value  before 
taking  the  logarithm. 

The  relationship  between  the  assay  result  and  the  exposure  index  is  weak  in  view  of 
these  scatter  plots;  the  same  situation  holds  within  each  of  the  three  occupational  categories, 
as  evident  from  the  plots.  Using  only  nonzero  dioxin  and  exposure  index  values.  Table  3-2 
presents  correlations  between  the  logarithm  of  the  dioxin  results  and  the  logarithm  of  the 
exposure  index. 

Because  the  categorized  exposure  index,  rather  than  the  continuously  distributed  index 
shown  in  the  plots,  was  used  in  the  assessment  of  exposure  trends  in  prior  reports,  the 
relationship  between  this  categorized  index  and  categories  of  current  dioxin  is  also  of 
interest.  Table  3-3  shows  a  cross-tabulation  of  Ranch  Hands  using  the  prior  exposure  index 
versus  current  dioxin  levels.  The  cutpoints  for  the  low,  medium,  and  high  current  dioxin  levels 

TABLE  3-2. 

Correlations  Between  Log  (Current  Dioxin)  and  Log  (Exposure  Index)  in 
Ranch  Hands  With  Current  Dioxin  and  Exposure  Greater  Than  Zero 


Stratum 

N 

Correlation 

p-Value 

Officer 

295 

0.10 

0.082 

Enlisted  Flyer 

143 

0.33 

<0.001 

Enlisted  Groundcrew 

347 

0.12 

0.024 

AU 

785 

-0.10 

0.003 

TABLE  3-3. 

Categorized  Exposure  Index  versus  Current  Dioxin 

Levels  in  Ranch  Hands 

Current 

Dioxin 

Level 

_ Extrosure  Index _ 

Total 

Zero 

Low 

Medium 

High 

0-5  ppt 

7 

52 

28 

37 

124 

Low 

6 

76 

52 

51 

185 

Medium 

6 

109 

134 

121 

370 

High 

0 

23 

86 

78 

187 

Total 

19 

260 

300 

287 

866 
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FIGURE  3-3.  Current  Dioxin  versus  the  Exposure  Index  in  Ranch  Hands  (N-866) 
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FIGURE  3-0.  Logarithm  of  Current  Dioxin  versus  Logarithm  of  the 
Exposure  Index  in  Ranch  Hand  Enlisted  Flyers  (N- 148) 
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are  those  used  in  tabular  displays  for  the  maximal  assumption  (see  Explanation  of  Tables 
section  in  Qiapter  4).  The  0-5  ppt  level  was,  of  course,  excluded  under  the  maximal 
assumption. 

Table  3-4  presents  a  breakdown  within  each  of  the  three  occupational  strata. 

Tables  3-5  and  3-6  show  the  relationship  between  initial  dioxin  body  burden  levels  and 
the  categorized  exposure  index.  Ranch  Hands  with  current  dioxin  less  than  or  equal  to  5  ppt 
were  assigned  a  “missing”  initial  dioxin  level.  The  outpoints  for  the  low,  medium,  and  high 
initial  dioxin  levels  are  those  used  in  tabular  displays  for  the  maximal  assumption  (see 
Explanation  of  Tables  section  in  Qiapter  4). 

■) 

The  logarithm  of  the  current  dioxin  concentration  is  approximately  lognormally 
distributed.  Figure  3-8  shows  the  distribution  of  the  logarithm  of  one  plus  the  current  dioxin 
concentration  among  the  804  Comparisons  fully  compliant  to  the  1987  examination  and  having 

TABLE  3-4. 

Categorized  Exposure  Index  versus  Current  Dioxin  Levels  in 
Ranch  Hands  by  Occupation 


Occupation 

Current 

Dioxin 

Level 

Zero 

Exposure  Index 

Low  Medium 

High 

Total 

Officer 

0-5  ppt 

7 

25 

19 

22 

73 

Low 

6 

38 

41 

33 

118 

Medium 

6 

26 

44 

50 

126 

High 

0 

,  1 

0 

1 

2 

Total 

19 

90 

104 

106 

319 

Enlisted 

0-5  ppt 

0 

9 

3 

4 

16 

Flyer 

Low 

0 

11 

4 

6 

21 

Medium 

0 

21 

35 

20 

76 

High 

0 

2 

15 

18 

35 

Total 

0 

43 

57 

48 

14g 

Enlisted 

0-5  ppt 

0 

18 

6 

11 

35 

Groundcrew 

Low 

0 

27 

7 

12 

46 

Medium 

0 

62 

55 

5> 

168 

High 

0 

20 

71 

59 

150 

Total 

0 

127 

139 

133 

399 
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TABLE  3-5. 


Categorized  Exposure  Index  versus  Initial  Dioxin 
Level  in  Ranch  Hands 


Initial 

Dioxin 

Level 

_ Exposure  Index _ 

Total 

Zero 

Low 

Medium 

High 

Missing 

7 

52 

28 

37 

124 

Low 

5 

87 

53 

40 

185 

Medium 

7 

99 

138 

127 

371 

High 

0 

22 

81 

83 

186 

Total 

19 

260 

300 

287 

866 

TABLE  3-6. 

Categorized  Exposure  Index  versus  Initial  Dioxin  Level  in 

Ranch  Hands  by  Occupation 

Initial 

_ Exposure  Index 

Dioxin 

Occupation 

Level 

Zero 

Low 

Medium 

High  • 

Total 

Officer 

Missing 

7 

25 

19 

22 

73 

Low 

5 

44 

39 

30 

118 

Medium 

7 

20 

46 

53 

126 

High 

0 

1 

0 

1 

2 

Total 

19 

90 

104 

106 

319 

Enlisted 

Missing 

0 

9 

3 

4 

16 

Flyer 

Low 

0 

11 

6 

3 

20 

Medium 

0 

21 

34 

21 

76 

High 

0 

2 

14 

20 

36 

Total 

0 

43 

57 

48 

148 

Enlisted 

Missing 

0 

18 

6 

11 

35 

Groundcrew 

Low 

0 

32 

8 

7 

47 

Medium 

0 

58 

58 

53 

169 

High 

0 

19 

67 

62 

148 

Total 

0 

127 

139 

133 

399 
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a  dioxin  assay  result.  A  normal  distribution  was  fit  to  these  data  and  a  multiple  of  the 
probability  density  funcdon  is  plotted  on  the  same  graph.  The  fit  is  improved  when  the 
histogram  is  restricted  to  those  Comparisons  in-162)  having  positive  concentrations,  as 
shown  in  Figure  3-9.  The  histogram  of  the  logarithm  of  one  plus  current  dioxin  body  burden  in 
Ranch  Hands  is  shown  in  Figure  3-10  with  a  multiple  of  the  probability  density  function  of  the 
fitted  normal  distribution  shown  on  the  same  plot. 

SUMMARY 

The  indirectly  calculated  exposure  index  derived  solely  from  personnel  records  and 
historical  information  has  wide  precedent  in  epidemiology.  These  data  suggest  that  the  work 
history-based  exposure  index  methodology  should  be  reconsidered  in  studies  with  exposures 
of  short  duration  and  low  relative  risks.  The  correlation  between  the  AFHS  exposure  index 
and  the  dioxin  body  burden  (current  or  initial  levels)  is  weak  although  statistically  significant. 
Cross  tabulations  of  dioxin  body  burden  levels  versus  the  categorized  exposure  index,  shown 
in  Tables  3-2  through  3-6,  indicate  considerable  misclassification  if  the  dioxin  measure 
(initial  or  current  dioxin)  is  taken  as  the  standard. 

The  dioxin  measure  is  the  preferred  index  of  exposure  because  (a)  it  is  a  direct,  rather 
than  indirect  measure  of  exposure,  (b)  the  Ranch  Hand  levels  appear  logically  placed  relative 
to  other  cohorts,  and  (c)  the  within-occupation  stratum  levels  appear  to  agree  with  exposure 
patterns  described  in  Ranch  Hand  crew  chief  inter%-iews  conduct^  before  the  assay  became 
available  to  participants  in  the  AFHS. 

Estimates  of  initial  dioxin  exposure  will  be  improved  with  increased  knowledge 
regarding  its  elimination  in  humans.  New  data  in  the  Ranch  Hand  cohort  and  in  people 
exposed  to  dioxin  in  Seveso,  Italy,  will  be  collected.  The  Seveso  data  will  be  used  to 
evaluate  the  first-order  elimination  assumption.  Variation  in  half-life  with  disease  and 
changes  in  weight  and  body  fat  will  be  assessed  with  Ranch  Hand  data  if  the  first-order 
elimination  assumption  (see  Chapter  4)  is  supported  by  the  Seveso  data. 
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FIGlRE  3-9.  Relative  Frequency  Distribution  of  the  Logarithm  of 
Current  Dioxin  in  Comparisons  With  Current  Dioxin 
Greater  Than  Zero  (N-762) 
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CHAPTER  4 


STATISTICAL  METHODS 

ThiS  chapter  summarizes  statistical  methods  that  were  used  for  investigating 
relationships  tetween  serum  dioxin  measurements  and  health  status  of  Ranch  Hands  and 
Comparisons.  Current  body  burden  dioxin  levels  were  determined  by  the  Centers  for  Disease 
Control  (CDC)  from  serum  samples  taken  from  Ranch  Hands  and  Q^parisons.  A  variety  of 
statistical  procedures  were  applied  to  evaluate  the  relationships  between  specific  health 
endpoints  and  dioxin,  as  measured  from  these  scrum  samples. 

MODELS  AND  ASSUMPTIONS 

Prior  Knowledge  Regarding  Dioxin 

This  study  presents  statistical  analyses  based  on  assumptions  and  models  that  were 
conceived  in  1988  after  the  publication  of  the  Ranch  Hand  dioxin  pilot  snidy  and  half-life 
substudy.  At  that  time,  available  data  regarding  the  elimination  of  dioxin  in  humans 
suggested  that 


•  Measurements  following  the  ingestion  of  dioxin  by  an  individual  showed  that  dioxin 
elimination  appeared  to  be  by  first-order  mechanisms  (1). 

•  Air  Force  data  on  36  Ranch  Hand  veterans  with  dioxin  body  burdens  measured  in 
blood  drawn  in  1982  and  in  1987  produced  a  median  half-life  estimate  of  7.1  years  (2). 
The  lack  of  correlation  between  individual  half-lives  and  current  dioxin  levels 
supponed  the  first-order  elimination  assumption. 

•  Assay  results  on  932  Ranch  Hands  and  888  Comparisons  showed  that  the 
concentrations  were  lognormaJly  distributed  with  the  Ranch  Hand  distribution 
significantly  shifted  to  the  right  of  the  Compa-’sen  distribudon.  The  Comparison 
median  was  4.2  ppt;  the  98th  percenrile  of  the  Comparison  distribution  was  10.17  ppt. 
The  Ranch  Hand  median  was  12.8  ppt  and  the  98th  percendle  was  168  ppt.  Based  on 
these  data,  levels  at  or  below  10  ppt  were  considered  background 


The  term  "elimination”  denotes  the  overall  removal  of  dioxin  from  the  body.  Some 
analyses  in  this  report  assume  that  the  amount  of  dioxin  in  the  body  (O  decays  exponentially 
with  time  according  to  the  model  C  =  I*cxp(-rT),  where  I  is  the  initial  level,  r  =  log2/H,  H  is 
the  half-life,  and  T  is  the  time  between  the  end  of  the  Vietnam  tour  and  the  dioxin  blood  draw 
at  the  1987  physical  examination:  this  exponential  decay  law  is  termed  fust-order  elimination 
in  this  report. 


The  first-order  elimination  assumption  is  not  equivalent  to  assuming  a  one  compartment 
model  for  dioxin  distribution  within  the  body.  While  a  multicomparcment  model  incorporating 
body  composition  and  2,3,7,8-tctrachIorodibenzo-p-dioxin  (TCDD)  binding  to  tissue 
receptors  would  provide  a  detailed  description  of  dioxin  concentrations  in  different 
compartments,  published  multicompartmcnt  models  for  TCDD  distribution  within  the  body 
predict  first-order  elimination  of  TCDD,  overwhelmingly  due  to  fecal  excretion  (3).  Direct 
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assessment  of  the  first-order  assumption  with  serial  dioxin  results  taken  over  many  years  on 
a  number  of  exposed  individuals  has  not  been,  as  yet,  carried  out 

The  term  “body  burden”  refers  to  the  serum  lipid-weight  concentration  of  TCDD, 
expressed  in  parts  per  trillion  (4,  5).  The  lipid-weight  dioxin  measurement,  also  called 
current  dioxin  body  burden  in  this  report  is  a  derived  quantity  calculated  from  the  formula 
ppt  a  ppq*102.6/W.  where  ppt  is  the  lipid-weight  concentradon,  ppq  is  the  actual  weight  of 
dioxin  in  the  sample  in  femtograms,  102.6  corrects  for  the  average  density  of  serum,  and  W  is 
the  total  lipid  weight  of  die  sample  (4). 

The  relationship  between  the  serum  lipid-weight  concentration  of  dioxin  and  lipid- 
weight  concentrations  in  adipose  tissue  is  a  subject  of  continuing  research.  The  correlation 
between  the  serum  lipid-weight  concentration  and  adipose  tissue  lipid-weight  concentration 
of  dioxin  has  been  observed  by  Patterson  ct  al.  to  be  0.98  in  50  persons  from  Missouri  (6). 
Using  the  same  data,  Patterson  et  al.  calculated  the  partitioning  ratio  of  dioxin  between 
adipose  tissue  and  scrum  on  a  lipid-weight  basis  as  1.09  (95%  C.I.:  {0.97,1.21]).  On  the 
basis  of  these  data,  a  one-to-one  partitioning  ratio  of  dioxin  between  lipids  in  adipose  tissue 
and  the  lipids  in  serum  cannot  be  excluded.  Measurements  of  dioxin  in  adipose  tissue 
generally  have  been  accepted  as  representing  the  body  burden  concentration  of  dioxin.  The 
high  correlation  between  serum  dioxin  levels  and  adipose  tissue  dioxin  levels  in  the 
Patterson  et  al.  study  suggests  that  serum  dioxin  is  also  a  valid  measurement  of  dioxin  body 
burden. 

Fundamental  Limitations  of  the  Serum  Dioxin  Data 

There  are  two  evident  limitations  to  the  available  data: 


!  1 )  While  Ranch  Hand  and  ingestion  data  do  not  appear  to  violate  a  first-order 
I  elimination  assumption,  no  serially  repeated  dioxin  assay  results  taken  over  many 

I  years  are  available  yet  with  which  to  evaluate  directly  the  adequacy  of  the  first- 

I  order  elimination  model  in  humans. 

j2)  At  this  time,  it  has  not  been  determined  whether  Ranch  Hands  with  dioxin  burdens 
j  at  or  below  10  ppt  were  exposed  and  their  body  burdens  had  decayed  to  background 

I  levels  since  their  duty  in  Vietnam  or  whether  they  were  not  exposed  at  all  during 

I  their  tour  in  Viemam. 


Health  versus  Dioxin  in  Ranch  Hands 

Because  first-order  elimination  is  suggested,  but  not  validated  directly  in  humans,  the 
dioxin  versus  health  relationship  was  assessed  within  Ranch  Hands  using  two  models.  The 
first  model  directly  depends  upon  the  first-order  elimination  assumption;  the  second  docs  not. 
In  combination,  these  two  models  circumvent  the  first  fundamental  limitation  by  assessing 
the  dioxin  versus  health  relationship  with  and  without  first-order  elimination.  Table  4-1 
shows  these  two  models,  their  assumptions,  advantages,  and  disadvantages  for  a  con¬ 
tinuously  distributed  health  variable  y. 


In  Tabic  4-1,  the  phrase  “single  dioxin  dose”  is  a  simplification  of  the  process  by  which 
Ranch  Hands  accumulated  dioxin  during  their  tour  of  duty  in  Vietnam.  This  process,  which 
undoubtedly  varied  from  individual  to  individual,  is  unknown.  However,  the  Ranch  Hand  tours 
generally  were  short  (1  to  3  years)  relative  to  the  time  elapsed  since  their  tours.  Hence, 
additional  knowledge  regarding  the  accumulation  of  dioxin  during  an  individual  Ranch  Hand’s 
tour,  were  it  to  become  available,  likely  would  not  change  conclusions  drawn  from  any  of  the 
statistical  analyses  presented  in  this  report. 

Analyses  based  on  model  1  are  dependent  direedy  on  the  first-order  elimination 
assumpdon,  while  those  based  on  model  2  are  not.  With  model  I  one  assumes  that 
eliminadon  is  first-order  and  that  the  half-life  is  7.1  years  for  all  Ranch  Hands.  With  model  2 
one  assumes  nothing  about  the  kinetics  of  dioxin  elimination  other  than  Ranch  Hands 
received  a  dose  in  Viemam  and  that  their  body  burdens  have  decreased  in  an  unspecified 
manner  with  dme.  Thus,  with  model  1  one  assumes  “everything”  is  known  about  dioxin 
eliminadon  in  Ranch  Hands;  with  model  2  one  assumes  “nothing”  about  dioxin  elimination  in 
Ranch  Hands.  All  health  data  were  analyzed  with  both  models  to  reduce  the  likelihood  that 
an  effect  would  be  missed  due  to  incorrect  assumpdons  regarding  dioxin  eliminadon. 

The  introduction  of  the  rime-by-current  dioxin  interacdon  term  (b^Tlogj  [C])  in  model  2 
allows  investigadon  of  the  dioxin  health  reladonship  with  respect  to  dme.  For  example,  such 
an  effect  would  be  detected  by  model  2  if  there  was  no  reladonship  between  health  and  dioxin 
in  the  first  few  years  after  exposure  and  a  strong  posidve  relationship  many  years  after 
exposure.  In  this  case,  if  the  effect  were  strong  enough,  it  would  be  detect^  by  the 
interacdon  coefficient  (b3)  being  signiflcandy  different  from  zero.  Following  that,  analyses 
within  time  strata  would  find  the  coefficient  (bj)  of  log^  (C)  signiflcandy  different  from  zero 
and  posidve  for  large  values  of  rime  (T);  no  significant  difference  between  b,  and  0  for  small 
values  of  T  would  be  found.  It  is  important  to  note  that  a  significant  effect  of  this  kind  could 
be  due  to  the  passage  of  dme  or  to  a  higher  initial  dioxin  level  received  by  Ranch  Hands  in  the 
later  time  stratum  or  both  of  these. 


Analyses  based  on  models  1  and  2  were  carried  out  both  adjusted  and  unadjusted  for 
covariates. 


No  additional  data  or  other  information  exist  to  determine  whether  any  of  the  Ranch 
Hands  with  background  levels  (^10  ppt)  of  current  dioxin  (n=345)  received  a  dose  above 
background  levels  in  Viemam.  To  accommodate  this  lack  of  knowledge,  all  analyses  based 
on  mode's  1  and  2  were  carried  out  with  these  Ranch  Hands  excluded.  Additionally,  since  10 
ppt  may  be  considered  arbitrary  or  too  conservative,  all  analyses  based  on  models  1  and  2 
were  carried  out  with  Ranch  Hands  having  less  than  or  equal  to  5  ppt  (n=124)  excluded. 

With  the  second  approach,  it  is  assumed  that  Ranch  Hands  currendy  having  more  than  5  ppt 
(the  approximate  Comparison  median)  were  exposed  in  Viemam  and  those  with  less  than  5 
ppt  were  not.  These  two  assumptions  are  termed  “minimal”  (Ranch  Hands  with  more  than 
10  ppt  were  exposed  in  Vietnam)  and  “maximal”  (Ranch  Hands  with  more  than  5  ppt  were 
exposed  in  Vietnam), 
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TABLE  4-1. 


Models  1  and  2  for  Assessing  Health  versus  Dioxin  In  Ranch  Hands  Only: 
Assumptions,  Advantages,  and  Disadvantages 


Model  1;  y  Po  +  PiIog2(I)  +  c 
where 


y  •  health  variable 

I  «  extrapolated  initial  dose,  assuming  first-order  elimination,  I  «  C»exp(log2«T/H) 

T  »  rime  between  the  end  of  the  Viemam  Ranch  Hand  tour  of  duty  and  the  1987  physical 
examination 

C  «  current  dioxin  body  burden,  determined  in  1987 

H  »  dioxin  half-life  in  Ranch  Hands  assuming  first-order  elimination  (7.1  years) 
e  «  zero  mean  normal  error 


Assumptions:  Ranch  Hands  received  a  single  dioxin  dose  in  Vietnam  and 

background  exposure  thereafter. 

Ranch  Hands  experienced  first-order  dioxin  elimination  with  a 
constant  known  half-life  of  7.1  years. 

The  error  variance  does  net  change  with  health  status  (y)  or  initial 
dioxin  dose  (I). 

Advantages:  Easily  interpretable. 

Most  efficient  if  first-order  elimination  and  constant  half-life  are 
valid  assumptions  and  y  is  linearly  related  to  Iog2(I) 


Disadvantages:  Will  be  biased  if  first-order  elimination  or  constant  half-life 
assumption  is  not  valid. 

Does  not  address  time-related  effects. 
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TABLE  4-L  (Continued) 


Models  1  and  2  for  Assessing  Health  versus  Dioxin  in  Ranch  Hands  Only: 
Assumptions,  Advantages,  and  Disadvantages 


Model  2:  y  =  Po  PlJog2(Q  +  P2T  +  P3TIog2(C)  +  c 
where 

y  =  health  variable 

T  a  dme  between  the  end  of  the  Vietnam  Ranch  Hand  tour  of  duty  and  the  1987  physical 
examination 

C  =  current  dioxin  body  burden,  determined  in  1987 
c  =  zero  mean  normal  error 


Assumptions:  Ranch  Hands  received  a  single  dioxin  dose  in  Vietnam  and 

background  exposure  thereafter. 

Ranch  Hand  dioxin  body  burdens  changed  with  time  (T)  in  the  same 
way  for  all  individuals. 

The  dioxin  versus  health  relationship  may  change  with  time  (T). 

The  error  variance  docs  not  change  with  values  of  the  health 
variable  (y),  the  current  dioxin  body  burden  (C),  time  (T),  or  the 
product  of  time  and  the  logarithm  of  the  current  dioxin  body  burden 
(T  log2(C]). 

Advantages:  Docs  not  depend  on  any  panicular  elimination  law  or  half-life 

assumptions. 

Assesses  time-related  effects. 


Disadvantages:  Less  easily  interpreted  than  model  1. 

Less  efficient  than  model  1  if  first-order  elimination  and  constant 
half-life  are  valid  assumptions  and  y  is  linearly  related  to  Iog2(I). 

Biased  if  any  of  the  assumptions  arc  violated. 
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In  summary,  to  address  the  second  fundamental  limitation,  two  assumptions  about 
Ranch  Hands  with  cunent  dioxin  body  burdens  less  than  10  ppt  were  made.  These  minimal 
and  maximal  assumptions  are 


•  Minimal  assumption:  Ranch  Hands  with  less  than  or  equal  to  10  ppt  were  not 
exposed  to  dioxin  in  Vietnam 

•  Maximal  assumption:  Ranch  Hands  with  less  than  or  equal  to  5  ppt  were  not 
exposed  to  dioxin  in  Vietnam. 


The  terms  minimal  and  maximal  were  given  because  fewer  Ranch  Hands  were  exposed 
under  the  minimal  than  under  the  maximal  assumption.  The  numbers  5  and  10  correspond  to 
the  approximate  median  and  98th  percendle  of  the  Qsmparison  current  dioxin  distribution. 
Based  on  this  Comparison  dioxin  distribution,  current  dioxin  levels  less  than  10  ppt  are  called 
background  levels. 

To  assess  the  dioxin  versus  health  relationship  while  addressing  the  second 
fundamental  limitation,  all  analyses  based  on  models  1  and  2  were  carried  out  under  the 
minimal  and  again  under  the  maximal  assumptions.  Under  the  minimal  assumption.  Ranch 
Hands  with  less  than  or  equal  to  10  ppt  were  excluded  from  the  analyses.  Under  the  maximal 
assumption.  Ranch  Hands  with  less  than  or  equal  to  5  ppt  were  excluded  from  the  analyses. 

Table  4*2  shows  counts  of  exposed  Ranch  Hands  under  the  minimal  and  maximal 
assumptions  with  initial  and  current  dioxin  trichotomized  for  tabular  presentation.  Ranch 
Hands  under  the  maximal  assumption  arc  termed  the  “maximal  cohort”;  those  under  the 
minimal  assumption  are  termed  the  "minimal  cohort.”  The  time  between  the  end  of  tour  and 
the  1987  physical  examination  is  dichotomized  at  18.6  years  (corresponding  approximately  to 
the  year  1969),  the  approximate  median  of  the  maximal  cohort  The  outpoints  for  stratifying 
dioxin  levels  (I  and  Q  were  the  approximate  25th  and  75th  percentiles  and  were  specific  to  a 
particular  cohort. 

Health  versus  Dioxin  in  Ranch  Hands  and  Comparisons 

Finally,  an  assessment  of  the  health  consequences  of  current  dioxin  body  burdens  above 
background  was  earned  out  with  a  third  model  (model  3)  that  required  no  assumptions  about 
when  or  how  increased  dioxin  body  burdens  were  attained  and  was  applied  to  both  Ranch 
Hand  and  Comparison  data.  This  model  assessed  health  versus  categorized  current  dioxin 
body  burden  (D)  with  four  levels,  found  in  Table  4-3. 

The  outpoint  between  the  low  and  high  categories,  33.3  ppt,  is  the  approximate  median 
dioxin  level  of  Ranch  Hands  having  more  than  15  ppt  Ranch  Hands  having  between  10  ppt 
and  15  ppt  were  excluded  from  these  categorized  dio.xin  analyses  in  an  attempt  to  avoid 
misclassiflcation  of  Ranch  Hands  to  the  unknown  and  low  categories  due  to  various  sources 
of  variation  in  the  dioxin  measurement 


Table  4-4  shows  counts  of  participants  within  each  level  of  categorized  current  dioxin. 
The  relationship  between  current  health  and  categorized  dioxin  body  burden  was  based  on 
the  model  shown  in  Table  4-5. 
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TABLE  4-2. 


Ranch  Hand  Sample  Sizes  Under  the  Minimal  and  Maximal  Assumptions 


Initial  Dioxin  Current  Dioxin  (Q 


Assumption 

Stratum 

Name 

Stratum 

Count 

Stratum 

TS18.6 

Count 

T>18.i 

Count 

Minimal 

Low 

52<I<93 

130 

10<Cil4.65 

72 

58 

Medium 

93<Ii292 

260 

14.65<CS45.75 

128 

132 

High 

292<I 

I3I 

45.75<C 

54 

77 

Total 

521 

254 

267 

Maximal 

Low 

25<I<56.9 

185 

5<C<9.01 

106 

79 

Medium 

56.9<I^18 

371 

9.01<CS33.3 

191 

179 

High 

218<I 

186 

33.3<C 

83 

104 

Total 

742 

380  • 

362 

TABLE  4-3. 

Current  Dioxin  Body  Burden  (D)  Categorized  in  Ranch  Hands 
and  Comparisons  for  Model  3 


Value 


Definition 


Background 

Unknown 

Low 


High 


Comparisons  with  up  to  10  ppt 

Ranch  Hands  with  up  to  10  ppt 

Ranch  Hands  with  more  than  15  and  up  to  33.3  ppt 

Ranch  Hands  with  more  than  33.3  ppt 
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TABLE  4-4. 

Counts  of  Participants  by  Level  of  Categorized  Current  Dioxin  (D) 


Level 

Count 

Background 

786 

Unknown 

345 

Low 

196 

High 

187 

Total 

U14 

TABLE  4-5. 

Model  3  for  Assessing  Health  versus  Categonzed  Current  Dioxin 
Body  Burden  in  Ranch  Hands  and  Comparisons 


Model  3r  y  =  Pg  Pi®  *  ® 
where 

y  a  health  variable 
D  a  categorized  current  dioxin 
e  a  zero  mean  normal  error 

Assumptions:  Dioxin  body  burden  has  accumulated  with  time. 

The  error  variance  does  not  change  with  categorized  current  dioxin 
body  burden  (D). 

Advantage:  Requires  no  assumption  regarding  the  time  course  of  dioxin 

accumulation  or  elimination. 

Disadvantages;  Makes  no  use  of  prior  belief  that  Ranch  Hands  received  an 
unusually  large  dioxin  dose  in  Vietnam. 

Does  not  address  time-related  effects. 


In  addition  to  assessing  the  overall  mean  change  in  the  health  variable  (y)  with  levels  of 
categorized  current  dioxin  (D),  the  mean  values  of  y  within  the  unknown,  low,  and  high 
categories  were  contrasted  with  the  mean  values  of  y  within  the  background  category. 

Figure  4-1  summarizes  the  current  dioxin  levels  used  in  models  1, 2,  and  3. 

Data  Error 

After  the  serum  dioxin  analyses  were  well  underway,  an  error  was  discovered  with 
respect  to  the  race  of  one  Comparison.  The  participant  (subject  36410)  was  listed  in  the  data 
base  as  a  non-Black  when  in  faa  he  was  a  Black.  The  Comparison  was  a  49-year-old  at  the 
Baseline  examination  and  he  was  a  member  of  the  enlisted  groundcrew  cohort.  His  current 
serum  dioxin  value  was  3.97  ppt  as  determined  from  the  assay  performed  on  the  1987 
examination  serum  sample.  TTie  following  abnormal  medical  conditions  were  not^  for  this 
individual:  hepatomegdy,  reported  and  verified  hypertension,  hyperpigmentation,  and  acne. 
The  data  error  was  corrected  for  the  cardiovascular,  malignancy,  and  dermatology 
ass.'ssments.  Because  the  individual  was  a  Comparison  only  the  model  3  analyses  of  the 
other  «,!-’’ical  area  assessments  were  affected. 

Bias  Calcula  liens 

In  any  epidemiologic  study,  investigators  must  be  concerned  with  avoiding  spurious 
conclusions  that  are  attributable  to  limitations  in  study  design  or  analysis.  The  introduction 
of  the  dioxin  assay  as  the  measure  of  exposure  in  this  study  has  provided  the  best  available 
information  regarding  dioxin  exposure  in  Ranch  Hands  and  Comparisons.  Uncertainties 
remain,  however,  regarding  the  choice  of  statistical  models  with  which  to  assess  the  relation¬ 
ship  between  dioxin  and  health. 

Biased  results  will  be  produced  if  the  assumptions  underlying  any  of  the  three  statistical 
models  are  violated.  Of  the  three  models,  model  1  is  the  most  vulnerable  to  this  kind  of  bias, 
since  it  depends  directly  on  two  unvalidated  assumptions:  (a)  that  dioxin  elimination  is  first- 
order  and  (b)  all  Ranch  Hands  eliminate  dioxin  at  the  same  rate  (all  Ranch  Hands  have  the 
same  dioxin  half-life  of  7.1  years).  Air  Force  investigators  currently  are  gathering  additional 
data  to  evaluate  both  assumptions.  The  original  half-life  study  on  36  Ranch  Hands  is  being 
expanded  to  approximately  5(X)  Ranch  Hands.  Assuming  that  dioxin  elimination  is  first- 
order,  this  larger  study  will  allow  an  assessment  of  half-life  variability  with  weight  changes, 
percent  body  fat  changes,  and  disease  since  exposure.  Additionally,  the  Air  Force  is 
collaborating  with  the  CDC  and  Italian  health  authorities  to  assay  serum  collected 
periodically  from  people  exposed  in  the  Seveso  accident.  These  data  will  consist  of  five 
dioxin  measurements  taken  over  a  period  of  10  years  on  20  males  who  were  adults  at  the 
time  of  the  accident  and  will  allow,  for  the  first  time,  a  direct  assessment  of  the  first-order 
elimination  assumption  in  humans. 

Until  the  Ranch  Hand  half-life  study  is  expanded,  the  only  available  information 
regarding  half-life  variation  in  Ranch  Hands  is  that  derived  from  the  smaller  cohort  of  36 
subjects.  Unpublished  analyses  of  half-life  heterogeneity  among  those  36  Ranch  Hands 
suggest  that  half-life  varies  with  relative  weight  changes  between  1982  and  1987.  With 
relative  weight  changes  dichotomized  at  the  median  (2.7%),  the  18  Ranch  Hands  below  the 
median  have  an  estimated  half-life  of  9.7  years  (95%  C.I.:  [6.8,17.3])  and  the  18  Ranch 
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Hands  above  the  median  have  an  estimated  half-life  of  6.2  years  (95%  CL;  [5.0,8.0]).  The 
analysis  showed  a  significant  difference  between  these  two  half-lives  (p=0.02).  The  two 
confidence  intervals  overlap  because  they  are  not  derivable  from  the  test  for  equality  of  half- 
lives.  “Apparent”  half-life  decreases  may  be  due  to  weight  gain  because  of  dilution  of  the 
body  burden  when  it  is  redistributed  to  the  new  adipose  dssue.  0>nversely,  when  there  has 
been  weight  loss,  the  body  burden  may  be  redistributed  in  less  adipose  tissue  and  the  serum 
concentration  increases. 

If  these  results  are  generalized  to  all  Ranch  Hands,  stadsdeal  inference  based  on  model 
1  will  be  biased.  For  example,  if  the  first-order  eliminadon  assumption  is  valid,  but  the 
constant  half-life  assumption  is  not,  and  there  is  no  misclassification  with  regard  to  health 
status,  odds  ratios  expressing  the  relationship  between  health  and  dioxin  based  on  model  1 
will  be  biased  toward  unity.  That  is,  a  misspecification  of  a  constant  half-life  when,  in  fact, 

,  half-life  changes  with  weight  changes,  will  lead  to  misclassification  with  regard  to  dioxin 

!  level  and  therefore  reduce  our  ability  to  detect  an  association  between  health  and  dioxin.  To 

evaluate  this  possibility,  the  bias  induced  in  the  odds  ratio  under  the  maximal  assumption  and 
the  computation  of  initial  dioxin  body  burden  assuming  a  constant  half-life  of  7. 1  years  (when 
in  fact  50  percent  of  Ranch  Hands  have  a  dioxin  half-life  of  6  years  and  the  other  50  percent 
have  a  dioxin  half-life  of  10  years)  was  calculated  (7).  In  carrying  out  this  calculation,  it  was 
assumed  that  initial  dioxin  had  been  dichotomized  to  high  and  low,  with  Ranch  Hands 
assigned  to  the  high  category  if  their  calculated  initial  dioxin  level  was  greater  than  21 8  ppt 
and  assigned  to  the  low  category  if  their  level  was  less  than  218  ppL  The  sample  sizes  of  the 
real  maximal  cohort  were  used  in  the  calculation:  186  Ranch  Hands  had  a  high  initial  dose  and 
556  had  a  low  initial  dose.  With  these  assumptions,  76.3  percent  of  Ranch  Hands  assigned 
to  the  high  category  and  6.1  percent  assigned  to  the  low  category  truly  had  an  initial  dose 
above  218  ppt.  The  resultant  bias  in  the  odds  ratio  due  to  this  misclassification  depends  on 
the  true  value  of  the  odds  ratio  and  the  disease  prevalence  in  the  low  category.  For  example, 
if  the  true  odds  ratio  is  2.0  and  the  disease  prevalence  in  the  low  initial  dioxin  category  is  5 
percent,  this  misclassification  will  produce  an  odds  ratio  of  1.7.  Table  4-6  shows  other  values 
of  the  biased  odds  ratio  produced  by  this  misclassification  for  true  odds  ratios  from  1  to  3  and 
the  disease  prevalence  in  the  low  initial  dioxin  category  held  fixed  at  5  percent  There  is  no 
bias  under  assumptions  if  there  is  no  association  between  initial  dioxin  and  disease  (true 
odds  ratio  equal  to  1.0). 

Model  2  also  may  be  biased  if.  as  suggested  by  the  weight  change  analysis  on  the  36 
Ranch  Hands  in  the  hif-life  study,  50  percent  of  Ranch  Hands  arc  fast  dioxin  eliminators 
(having  a  short  half-life)  and  50  percent  of  Ranch  Hands  are  slow  eliminators  (with  a  longer 
half-life).  If  this  attribute  is  not  taken  into  account  in  the  analysis  (such  as  through 
adjustment  for  relative  weight  change),  then  the  odds  ratio  relating  disease  to  dioxin 
.  exposure  will  be  biased  toward  unity.  Again,  disease  status  is  assumed  to  be  determined 
without  error.  For  example,  if  slow  eliminators  experience  an  effect  that  does  not  become 
expressed  until  20  years  after  exposure,  if  fast  eliminators  do  not  experience  the  effect,  and  if 
the  analysis  is  not  adjusted  for  relative  weight  change,  then  the  ability  of  the  model  to  detect 
the  effect  will  be  attenuated  by  the  lack  of  adjustment  The  extent  of  this  bias  toward  the  null 
depends  on  the  nature  of  the  four-factor  interaction  between  health,  current  dioxin,  time,  and 
relative  weight  change,  as  well  as  upon  the  disease  prevalence  among  Ranch  Hands  with  low 
dioxin  levels  at  each  combination  of  categories  of  time  and  relative  weight  change.  Bias 
calculations  for  this  scenario,  therefore,  arc  more  complicated  and  speculative  than  those 
presented  for  model  1  and  were  not  pursued  funher. 
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TABLE  4^ 


Biased  Odds  Ratios  Produced  by  a  Misspedfication  of  the  Half-Life  in  the 
Calculation  of  the  Initial  Dioxin  Body  Burden  in  iVIodel  1,  Assuming  a 
Disease  Prevalence  of  5  Percent  in  Ranch  Hands  Having  a 
Low  Calculated  Initial  Dose 


True  Odds 

Ratio 

Biased  Odds 

Ratio 

1.0 

1.0 

1.5 

U 

2.0 

1.7 

2J 

2.0 

3.0 

2.2 

Model  3  requires  fewer  assumptions  than  models  1  or  2,  but  is  susceptible  to  bias  due 
to  misclassificadon  or  incorrect  modeling.  Biased  results  most  likely  are  to  occur  with  model 
3  doe  to  the  failure  to  adjust  for  an  important  covariate.  Every  attempt,  however,  has  been 
made  in  this  report  to  adjust  for  all  known  important  covariates. 

The  Correlation  Between  Initial  Dioxin  and  Current  Dioxin 

The  extrapoIaMd  initial  dioxin  dose  is  cwrelatcd  highly  with  current  dioxin  level 
(correlation  coefllcient  >0.98  for  both  the  minimal  and  maximal  cohOTts).  The  same  high 
correlation  is,  of  course,  seen  between  the  logarithms  of  these  quantities.  The  reason  for  th,; 
high  correlation  is  that  the  initial  dioxin  dose  is  the  current  dioxin  body  burden  multiplied  by  2 
raised  to  the  power  T/7.1.  This  high  correlation  is  simply  an  expression  of  the  fact  that  if  the 
first-order  m^el  is  valid  anc  if  dioxin  half-life  is  <»nstant,  then  models  1  and  2  nearly  are 
redundant  because  the  variation  of  time  (T)  is  reladvely  small  (see  Figure  4-2). 

FACTORS  DETERMINING  ANALYTICAL  METHOD 

For  a  specified  questionnaire-based  or  clinical  measurement  determined  from  the 
physical  or  laboratory  examination,  the  selection  of  an  analytical  method  was  dependent  on 
each  of  the  following: 


•  Dependent  Variable  Form  —  Continuous  or  discrete 

•  Serum  Dioxin  Estimate  —  Initial  dioxin,  current  dioxin  and  time  since  tour,  or 

categorized  current  dioxin  incorporating  group 
membership 

•  Analysis  Type  —  Unadjusted,  adjusted,  or  longitudinal 


Relative  Frequency 


FIGURE  4-2.  Relative  Frequency  Distribution  of  End  of  Tour  Year 
In  Ranch  Hands  Under  the  Maximal  Assumption  (N-742) 
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•  Analysis  Cohort(s)  —  Ranch  Hands;  minimal  assumption.  Ranch  Hands; 

maximal  assumption,  and  defined  subsets  of  Ranch 
Hands  and  Comparisons  for  the  categorized  current 
dioxin  variable. 

Appendix  Table  C-1  specifies  30  separate  analysis  situations  based  on  dependent 
variable  form,  serum  dioxin  estimate,  analysis  type,  and  analysis  cohort  For  each  of  the  30 
situations,  the  statistical  method  is  specified. 

ANALYSIS  METHODOLOGIES 

As  in  previous  Air  Force  Health  Study  reports,  current  health  dependent  variables  can 
be  either  continuous  or  discrete.  For  the  former  case,  the  general  linear  model  approach  is 
the  basis  for  applying  such  techniques  as  simple  and  multiple  linear  regression,  analysis  of 
variance,  analysis  of  covariance,  and  repeated  measures  analysis.  This  approach  permits 
model  fitting  of  the  dependent  variable  as  a  function  of  dioxin,  relevant  covariates,  dioxin-by¬ 
covariate  interactions,  and  interactions  between  covariates.  As  part  of  the  previous  analyses 
of  1987  data,  the  health  variables  were  examined  to  ensure  that  assumptions  underlying 
statistical  methods  were  met.  Transformations  used  to  enhance  normality  for  specific 
continuous  health  variables  in  the  previous  analyses  of  1987  data  also  were  us^  for  the 
serum  dioxin  analysis.  For  these  continuous  analyses,  SAS®  GLM  (8)  was  used.  When  a 
“best”  model  was  fitted,  tests  of  significance  for  a  dioxin  effect  were  made.  Associations 
with  a  p-value  less  than  or  equal  to  0.05  are  described  as  significant,  and  associations  with  a 
p-value  greater  than  0.05  but  less  than  or  equal  to  0.10  are  termed  marginally  significant  or 
borderline  significant.  If  there  was  a  significant  interaction  between  the  dioxin  variable  and 
any  covariate,  the  dioxin  effect  was  assessed  using  stratification  by  different  levels  of  the 
covariate(s)  involved  in  the  interaction. 


Discrete  dependent  variables  were  analyzed  by  methods  parallel  to  those  used  for 
continuous  variables.  For  dichotomous  variables,  logistic  regression  was  performed  using 
BMDP®-LR  (9),  For  polychotomous  dependent  variables,  log-linear  modeling  was 
perfonned  using  BMDP®-4F  (9)  by  incorporating  the  full  k-factor  interaction  term  involving 
the  k  covariates  used  in  the  model.  For  the  log-linear  modeling  approach,  covariate 
information  must  be  categorized.  Because  of  this  required  categorizadon  of  the  covariate(s), 
the  marginals  were  fixed  in  the  log-linear  model  (10),  effectively  converting  the  log-linear 
model  into  a  logit  model.  For  the  log-linear  model,  the  significance  of  the  relative  risk  for  a 
particular  categorized  dioxin  variable  (i.e.,  categorized  initial  dioxin,  categorized  current 
dioxin  and  categorized  time,  or  categorized  current  dioxin  for  specified  subsets  of  Ranch 
Hands  and  Comparisons)  was  determined  by  examination  of  the  appropriate  model,  as 
determined  by  the  naodel  that  includes  all  statistically  significant  effects  and  a  dioxin 
measure,  or  by  examination  of  the  sipificant  interactions.  Adjusted  relative  risks  were 
derived  from  the  coefficients  of  the  appropriate  model. 


Selected  longimdinal  analyses  were  performed  investigating  changes  in  health  status 
between  1982  and  1987,  for  each  of  the  tf«e  dioxin  analysis  models.  The  variables  selected 
for  longitudinal  study  were  chosen  prior  to  all  1987  examination  data  analyses.  In  the 
longitudinal  analysis  of  discrete  variables,  only  those  participants  whose  health  was 
classified  as  normal  in  1982  were  included  in  the  analysis  of  the  participants’  health  at  the 
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1987  examination.  Analysis  was  performed  in  this  manner  to  investigate  any  temporal 
effects  of  dioxin  in  the  subgroup  at  risk  (i.c.,  those  participants  who  could  become  abnormal 
over  the  time  span).  The  rate  of  abnormalities  under  this  restriction  approximates  an 
incidence  rate  ^tween  1982  and  1987.  The  dependent  variable  in  this  type  of  analysis  was 
the  health  of  panicipants  at  the  1987  examination  whose  health  was  normal  in  1982.  The 
independent  variable(s)  were  the  appropriate  dioxin  measures. 

For  some  variables,  measurements  in  1985  were  substituted  for  1982  measurements 
because  the  variable  was  not  analyzed  at  the  1982  examination  or  inherently  was  different 
from  the  1987  variable.  For  example,  to  enhance  comparability,  the  longitudinal  analyses  for 
the  neurological  assessment  were  based  on  changes  between  1985  and  1987  because  SCRF 
conducted  both  of  these  examinations. 

Both  the  general  linear  model  and  the  logistic  regression  model  approaches  were 
applied  using  covariate  information  in  either  the  discrete  or  the  continuous  form.  Table  4-7 
provides  a  summary  of  the  basic  statistical  methods  for  the  serum  dioxin  analyses. 

MODELING  STRATEGY 

In  each  clinical  category,  many  covariates  were  considered  for  inclusion  in  the  statistical 
models  relating  specific  health  endpoints  and  dioxin.  The  large  number  of  covariates, 
consequent  interaction  terms,  and  resulting  difficulties  of  interpretation  obligated  the  adoption 
of  a  strategy  for  identifying  a  moderately  simple  model  using  a  stepwise  strategy,  as  defined 
below.  Interpretation  of  possible  dioxin  relationships  was  then  made  in  the  context  of  this 
simpler  model. 

In  general,  based  on  one  of  the  adjusted  analysis  models  described  in  Appendix  Table 
C-1,  an  initial  model  was  constructed  containing  any  requisite  two  or  three-factor  interaction 
terms.  As  a  first  step,  screening  was  performed  at  the  0.15  significance  level  to  eliminate 
unnecessary  two-  and  three-factor  interactions.  A  hierarchical  stepwise  deletion  strategy 
was  applied  at  the  0.15  significance  level  on  the  set  of  main  effect  covariates  (to  address 
possible  confounding  effects  between  the  covariates  and  dioxin)  and  at  the  0.05  significance 
level  for  interactions.  In  general,  the  only  effects  not  subject  to  the  deletion  strategy  were  the 
serum  dioxin  variables  of  interest  (i.e.,  initial  dioxin;  current  dioxin,  time  since  tour,  and 
current  dioxin-by-time  interaction;  categorized  current  dioxin).  With  the  objective  of 
producing  the  simplest  model,  other  lower-order  effects  were  retained  in  the  model  only  if 
involved  in  significant  higher-order  interactions.  Significant  interactions  bcfx'cen  covariates 
were  retained  as  terms  in  the  model. 

The  modeling  strategy  was  refined  slightly  for  adjusted  sutistical  analyses  of  discrete 
dependent  variables  for  panicular  clinical  areas  where  a  large  number  of  covariates  and/or 
sparse  number  of  abnormalities  were  encountered.  In  these  situations,  the  starting  model 
included  all  main  effects  and  excluded  all  interactions.  Main  effects  were  stepped  out  of  the 
model  if  the  associated  p-value  was  greater  than  0.15  and  interactions  were  entered  into  the 
model  if  the  associated  p-value  was  less  than  or  equal  to  0.05.  The  alternative  strategy  was 
used  to  avoid  overspccificarion  of  the  model  and  minimize  collinearity  among  terms  that  can 
lead  to  imprecise  parameter  and  standard  error  estimates. 
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TABLE  4-7. 


Summary  of  Statistical  Procedures 


Chi'Square  Contingency  Table  Test 

The  chi-square  test  of  independence  (11)  is  calculated  for  a  contingency  table  by  the 
following  toinula: 


X2-Kfo*fe)2/fe 

where  the  sum  is  taken  over  all  cells  of  the  contingency  table  and 
fo  a  observed  ftequency  in  a  cell 

fe  a  expected  frequency  under  the  hypothesis  of  independence. 

Large  values  indicate  deviations  from  the  null  hypothesis  and  are  tested  for  significance 
by  comparing  the  calculated  y}  to  the  tables  of  the  chi-square  distribution. 

Fisher’s  Exact  Test 

Fisher’s  exact  test  (11)  is  a  randomization  test  of  the  hypothesis  of  independence  for  a 
2x2  contingency  table.  This  technique  was  used  for  small  samples  and  sparse  cells. 
This  is  a  permutation  test  based. on  the  exact  probability  of  observing  the  particular  set 
of  firequencies,  or  of  one  more  extreme. 

Correlation  Coefficient  (Pearson’s  Product- Moment) 

The  population  correlation  coefficient  (12),  p,  measures  the  strength  of  the  linear 
relationship  between  two  random  variables  X  and  Y.  A  commonly  used  sample-based 
estimate  of  this  correlation  coefficient  is 


where  the  sum  is  taken  over  all  (x,y)  pairs  in  the  sample.  A  Student’s  t-test  based  on 
this  estimator  is  used  to  test  for  a  significant  correlation  between  the  two  random 
variables  of  interest.  For  the  sample  size  of  521  (the  size  of  the  Ranch  Hand  cohort 
under  the  minimal  assumption),  a  sample  correlation  coefficient  of  ±0.086  is  sufficient  to 
attain  a  statistically  significant  correlation  at  a  5  percent  level  for  a  two-sided 
hypothesis  test  Assuming  normality  of  X  and  Y  for  the  sample  size  of  742  under  the 
maximal  assumption,  a  sample  coefficient  of  ±0.072  is  sufficient. 
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TABLE  4-7.  (Continued) 
Summary  of  Statistical  Procedures 


General  Linear  Models  Analysis 

The  form  of  the  general  linear  model  (13)  for  two  independent  variables  is 
Y  =  O  +  PiXi  +  +  P12X1X2  +  € 

where 

Y  =  dependent  variable  (continuous) 

a  =  level  of  Y  at  Xj  =  0  and  X2  =  0,  i.e.,  the  intercept 

Xi^2  =  measured  value  of  the  first  and  second  independent  variables,  respectively, 

which  may  be  continuous  or  discrete 

Pltp2  =  coefficient  indicating  linear  association  between  Y  and  Xi,  Y  and  X2, 
respectively;  each  coefficient  reflects  the  effect  on  the  model  of  the 
conesponding  independent  variable  adjusted  for  the  effect  of  the  other 
independent  variable. 

3i2  =  coefficient  reflecting  the  linear  interaction  of  Xj  and  X2,  adjusted  for  linear 

main  effects 

t  =»  error  terra 

This  model  assumes  that  the  error  terms  arc  independent  and  normally  distributed  with 
a  mean  of  0  and  a  constant  variance.  Extension  to  more  than  two  independent  variables 
and  interaction  terms  is  immediate. 

Simple  linear  regression,  multiple  linear  regression,  analysis  of  variance,  analysis  of 
covariance,  and  repeated  measures  analysis  of  variance  are  all  examples  of  general 
linear  models  analysis. 

Logistic  Regression  Analysis 

The  logistic  regression  model  (11,  14)  enables  a  dichotomous  dependent  variable  to  be 
modeled  in  a  regression  framework  with  continuous  and/or  discrete  independent 
variables.  For  two  risk  factors,  such  as  dioxin  and  age,  the  logistic  regression  model 
would  be 

logit  P  =  a  +  PiXi  +  P2X2  +  Pi2XiX2  +  e 
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TABLE  4.7.  (Continued) 
Summary  of  Statistical  Procedures 


where 

P  a  probability  of  disease  for  an  individual  with  risk  factors  Xi  and  X2 

lo^t  P  a  In  (P/l'P),  Le.,  the  log  odds  for  disease 

Xi  a  first  risk  factor,  e.g.,  dioxin 

X2  a  second  risk  factor,  e.g.,  age. 

The  parameters  are  interpreted  as  follows; 

a  a  log  odds  for  the  disease  when  Xi  =  0  and  X2  *  0 

Pi  a  coefficient  indicating  the  dioxin  effect  adjusted  for  age 

P2  a  coefficient  indicating  the  age  effect  adjusted  for  dioxin 

P12  ^  coefficient  indicating  the  interaction  between  dioxin  and  age,  adjusted  for 
linear  main  efieas 

e  a  error  terra. 

In  the  absence  of  an  interaction  (P12  »  0)  for  a  dichotomous  risk  factor  (e.g.. 
Comparisons,  Ranch  Hands),  exp(pi)  reflects  the  adjusted  odds  ratio  for  individuals  in 
group  1  (Xi  a  1)  relative  to  group  0  (Xi  =  O).  If  the  probability  of  disease  is  small,  the 
odds  ratio  will  be  approximately  equal  to  the  relative  risk.  In  the  absence  of  an 
interaction  for  a  continuous  risk  factor  (e.g.,  initial  dioxin  in  its  continuous  form), 
cxp(Pl)  reflects  the  adjusted  odds  ratio  for  a  unit  increase  in  the  risk  factor.  If  the  risk 
factor  is  expressed  in  logarithmic  (base  2)  form,  exp(pi)  reflects  the  adjusted  odds  ratio 
for  a  twofold  increase  in  the  risk  factor. 

Throughout  this  report,  the  adjusted  odds  ratios  will  be  referred  to  as  adjusted  relative 
risks.  Correspondingly,  in  the  absence  of  covariates  (i.e.,  unadjusted  analysis),  the 
odds  ratios  will  be  referred  to  as  estimated  relative  risks. 

This  technique  will  also  be  used  for  longitudinal  analyses  of  dichotomous  dependent 
variables  to  examine  changes  in  health  status  between  1982  (or  1985)  and  1987  in 
relation  to  the  dioxin  measures. 
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TABLE  4-7.  (Continued) 
Summary  of  Statistical  Procedures 


Log-linear  Analysis 

Log-linear  analysis  (11)  is  a  statistical  technique  for  analyzing  cross-classified  data  or 
contingency  tables.  A  saturated  log-linear  model  for  a  thme-way  table  is 

In  (Zijk)  »  Uo  +  Ui(i)  +  U2(i)  +  U3(k)  +  Ui2(ij)  +  U23(jk)  +  Ui3(ik)  +  Ui23(ijk) 

where 

Zijk  expected  cell  count 

Ui(i)  »  specific  one-factor  effect 

Ul2(ij)  =  specific  two- factor  effect  or  interacnon 

Ul23(ijk)  =  three-factor  effect  or  interaction. 

The  simplest  models  are  obtained  by  including  only  the  significant  U-terms.  Adjusted 
relative  risks  are  derived  from  the  estimated  U-terms  from  an  adequately  fitting  model. 
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In  the  analysis  of  a  particular  health  variable,  when  no  dioxin-by-covariate  interactions 
were  significant  at  the  0.05  level,  adjusted  means  (15)  or  relative  risks  were  presented.  If  a 
dioxin-by-covariate  interaction  was  significant  at  the  0.05  level,  the  behavior  of  the  dioxin 
variable  was  explored  for  different  levels  (categories)  of  the  covariate  to  identify 
subpopulations  for  which  a  dioxin  relationship  might  exist  Further,  for  illustrative  pmposes, 
if  any  dioxin-by-covariate  interaction  was  significant  at  a  level  between  0.01  and  0.05,  the 
adjusted  means  or  reladve  risks  also  were  presented,  after  dropping  the  interaction  terms 
&om  the  model. 

In  some  instances  a  followup  model  also  was  performed  that  excluded  a  highly 
significant  interaction  (pcO.Ol).  This  optional  model  was  run  at  the  discretion  of  the  analyst 
in  an  attempt  to  simplify  the  interpretation  that  may  be  complicated  by  an  interaction  difncult 
to  explain  ^m  a  clinical  perspective. 

For  all  models  that  included  a  dioxin-by-covariate  interaction,  the  stratified  results 
presented  in  the  appendices  display  adjusted  reladve  risks,  confidence  intervals,  and 
associated  p-values  determined  from  a  model  that  included  the  interacdon  term.  However,  in 
the  model  2  analyses  the  p-values  for  the  stratified  current  dioxin-by-time  since  tour 
interacdon  terms  were  determined  from  separate  models  for  each  covariate  stratum;  similarly 
in  the  model  3  analyses,  the  overall  p-values  were  determined  from  separate  models. 


The  adjusted  models  assessed  the  statistical  signifrcance  of  interactions  between  dioxin 
and  the  covariates  to  determine  whether  the  relationship  between  dioxin  and  the  dependent 
variable  (health-related  endpoint)  differed  across  levels  of  the  covariate.  In  many  instances 
the  clinical  importance  of  a  statistically  significant  dioxin-by-covariate  interaction  is  unknown 
or  uncertain.  The  clinical  relevance  of  a  statistically  significant  interaction  would  be 
strengthened  if  the  same  interaction  penisted  among  related  endpoints.  It  is  recognized  that 
due  to  the  large  numbe<  of  dioxin-by-covariate  interactions  that  were  examined  for 
approximately  300  variables,  some  of  the  dioxin-by-covariate  interactions  judged  significant 
at  the  0.05  level  might  be  spurious;  i.e.,  chance  occurrences  not  of  biologicai/clinical  relevance. 
This  should  be  considered  when  significant  dioxin-by-covariate  interactions  are  interpreted. 

It  is  important  that  the  size  of  the  p-value  associated  with  each  dioxin-by-covariate 
interaction  be  weighed  carefully;  for  this  reason,  if  the  p-value  for  a  dioxin-by-covariate 
interaction  was  between  0.01  and  0.05,  the  adjusted  means  or  relative  risks  (omitting  the 
interaction)  were  reponed. 

For  the  neurology,  cardiovascular,  renal,  and  endocrine  clinical  assessments,  additional 
analyses  were  performed  when  certain  covariates  were  retained  in  the  final  model.  These 
covariates  were  variables  that  may  have  been  affected  by  dioxin  exposure  and  included 
diabetic  class  (neurology  and  renal),  percent  body  fat  (cardiovascular  and  endocrine),  and 
cholesterol  (cardiovascular).  Due  to  the  association  between  these  covariates  and  dioxin, 
both  the  statistical  and  clinical  interpretation  of  other  l.ealth  variables  can  be  affected. 
Analyses  were  consequently  performed  with  these  covariates  in  the  final  model,  and  with  the 
covariates  removed  from  the  model.  Tabular  results  with  these  covariates  in  the  model  are 
given  in  the  body  of  the  clinical  chapter;  results  with  these  covariates  removed  are  given  in 
the  associated  chapter  appendix. 
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POWER 

Conducting  a  stadsdcai  test  using  a  type  I  error,  also  called  alpha  level,  of  0.05  means 
that,  on  the  average  in  5  cases  out  of  100,  a  false  conclusion  would  be  made  that  an 
associadon  (dioxin  effect)  exists  when,  in  reality,  there  is  no  associadon.  The  other  possible 
inference  error  (called  a  type  n  error)  is  the  failure  to  detect  an  associadon  when  one  actually 
exists.  The  probability  of  a  type  n  error  for  a  stadsdcai  test  is  1  minus  the  power  of  the  test. 
The  power  of  the  test  is  die  probability  that  the  test  will  reject  the  hypothesis  of  no  dioxin 
effect  when  an  effect  does  in  fact  exist.  The  power  of  a  test  depends  on  the  distribudon  of  the 
dioxin  data,  the  sample  size,  the  disease  prevalence  rate,  and  the  true  dioxin  effea  measured 
in  terms  of  the  reladve  risk. 

Table  4-8  contains  the  approximate  power  for  detecting  specified  reladve  risks  for  a 
given  prevalence  rate  (discrete  dependent  variable),  using  inidal  dioxin  in  its  condnuous  form 
and  an  alpha  level  of  0.05  for  a  two-sided  test  under  the  minimal  assumpdon  (n®521).  The 
corresponding  power  under  the  maximal  assumption  is  slightly  higher.  Figure  4-3  presents  i 
graphical  display  of  the  power  at  different  prevalence  rates,  where  the  different  curves 
represent  relative  risks  of  1.1,  1.2,  1.3,  1.4,  and  1.5.  Power  calculations  were  performed  using 
the  logaiithm  (base  2)  of  inidal  dioxin,  and  consequently  the  reladve  risk  is  for  a  twofold 
increase  in  initial  dioxin.  These  calculations  also  assume  approximate  prevalences  at  the 
mean  log2  (initial  dioxin)  value  of  7.49,  corresponding  to  an  initial  dioxin  level  of  180  ppt. 

TABLE  4-8. 

Power  to  Detect  an  Initial  Dioxin  Effect  Based  on  the  Minimal 
Assumption  at  a  5  Percent  Significance  Level 
(Discrete  Dependent  Variable) 


Prevalence  _ Relative  Risk 


Rate  of 
Disease 

1.10 

1.20 

1.30 

1.40 

1.50 

1.75 

2.00 

0.005 

0.05 

0.07 

0.09 

0.12 

0.17 

0.33 

0.54 

0.01 

0.06 

0.09 

0.13 

0.20 

0.29 

0.56 

0.80 

0.02 

0.07 

0.12 

0.21 

0.34 

0.49 

0.82 

0.96 

0.03 

0.08 

0.16 

0.29 

0.46 

0.64 

0.93 

0.99 

0.04 

0.08 

0.19 

0.36 

0J7 

0.75 

0.97 

1.00 

0.05 

0.09 

0.22 

0.43 

0.65 

0.83 

0.99 

1.00 

0.10 

0.13 

0.36 

0.66 

0.88 

0.97 

1.00 

1.00 

0.15 

0.16 

0.47 

0.79 

0.95 

0.99 

1.00 

1.00 

0.20 

0.18 

0.55 

0.86 

0.97 

1.00 

1.00 

1.00 
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FIGURE  4-3.  Power  to  Detect  an  Initial  Dioxin  Effect 
(Discrete  Dependent  Variable) 


As  an  example,  using  age-adjusted  incidence  rates  for  aU  U.^.  males  (based  on  data 
from  the  Surveillance  Epidemiology  and  End  Results  program  of  the  Nadonal  Cancer 
Institute),  prevalence  rates  for  all  cancers.  non-Hodgkin’s  lymphoma  (NHL),  and  soft  tissue 
sarcoma  (STS)  were  estiinated  as  0.07,  0.002,  and  0.001,  respectively.  Thus,  Table  4-8 
shows  at  least  a  power  of  0.80  to  detect  a  reladve  risk  of  U  or  greater  given  an  esdniated 
prevalence  of  0.07  for  all  cancers.  For  the  estimated  prevalences  of  NHL  and  STS,  the  power 
to  detect  a  relative  risk  of  2.0  would  be  less  than  0.50. 

Table  4-9  provides  the  same  information  for  continuous  variables  in  terms  of  coefficients 
of  variation  (100  times  the  standard  deviation  of  the  dependent  variable  divided  by  the  mean 
of  the  dependent  variable)  and  the  proportion  mean  change.  The  proportion  mean  change  in 
this  table  is  defined  as  the  change  in  the  expected  value  (mean)  of  the  dependent  variable  for 
a  twofold  increase  in  initiai  dioxin  relative  to  the  dependent  variable  mean.  These  mean 
changes  are  evaluated  at  the  mean  logi  (inidal  dioxin)  value  of  7.49,  corresponding  to  an 
initial  dioxin  level  of  180  ppt.  The  proportion  mean  change  corresponds  mathematically  to  the 
slope  of  the  initial  dioxin  variable  divided  by  the  dependent  variable  mean,  assuming  no 
transformation  of  the  dependent  variable.  An  analogous  quantity  can  be  derived  based  on 
transformed  starisdcs.  Figure  4-4  shows  a  graphical  display  of  the  power  at  a  given 
proportion  mean  change,  where  the  different  curves  represent  coefficients  of  variation  of  5,  10, 
25,  50,  and  75.  In  this  study,  continuously  distributed  laboratory  results  were  subject  to  a 
laboratory-error  coefficient  of  variation  of  less  than  3  percent. 

TABLE  4-9. 

Power  to  Detect  an  Initial  Dioxin  Effect  Based  on  the  Minimal 
Assumption  at  a  5  Percent  Significance  Level 
(Continuous  Dependent  Variable) 


.C9cfftcicm  9f  Variation  Lo/u) 


Mean  Change 

5 

10 

25 

50 

75 

0.005 

0.78 

0.28 

0.09 

0.06 

0.05 

0.01 

1.00 

0.78 

0.20 

0.09 

0.07 

0.02 

1.00 

1.00 

0.59 

0.20 

0.11 

0.03 

1.00 

1.00 

0.91 

0.38 

0.20 

0.04 

1.00 

l.OO 

0.99 

0.59 

0.31 

0.05 

1.00 

1.00 

1,00 

0.78 

0.45 

0.10 

1.00 

1.00 

1.00 

1.00 

0.96 
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TABLE  4.10. 

Location  of  Table  Results  from  Different  Analysis  Models 


Subpanel 
in  Table 

Dioxin 

Estimate 

Type  of 
Analysis 

Assumption 

a 

initial* 

unadjusted 

minimal 

b 

initial* 

unadjusted 

maximal 

c 

initial* 

adjusted 

minimal 

d 

initial* 

adjusted 

maximal 

e 

current,  time* 

unadjusted 

minimal 

f 

current,  time* 

unadjusted 

maximal 

g 

current,  time* 

adjusted 

minimal 

h 

current,  time* 

adjusted 

maximal 

i 

current^ 

unadjusted 

j 

current*’ 

adjusted 

•  • 

^Ranch  Hands  only. 

^’Categorized  ciurenc  dioxin.  Ranch  Hands  and  Comparisons. 

EXPLANATION  OF  TABLES 

This  section  introduces  the  reader  to  the  contents  of  the  tables  that  are  used  to  repon 
the  results  of  the  analyses  for  continuous  and  discrete  dependent  variables  (two  levels  and 
more  than  two  levels).  Selected  results  from  the  stadsticai  analysis  imthods  applied  in  the 
hematology  assessment  (see  Giapier  13,  Hematologic  Assessment)  will  be  referenced 
throughout  this  discussion.  The  contents  of  each  summary  table  depend  on  the  form  of  the 
health  status  endpoint  (i.e.,  whether  the  dependent  variable  under  analysis  is  a  continuous  or 
(tiscrete  variable).  Generally,  the  results  of  the  various  analyses  will  be  summarized  in 
subpanels  within  each  table  as  specified  in  Table  4.10.  The  subpanel  speciiicadons  may  be 
sUghdy  different  when  adjusted  analyses  are  not  performed.  This  secdon  also  provides  an 
explanadon  of  the  informadon  contained  in  these  tables. 

Continuous  Variables 

Table  13*3  presents  an  example  of  the  results  of  analysis  when  the  dependent  variable 
is  continuous.  Subpanels  (a)  and  ^)  report  summary  stadsdcs  (for  the  minimai  and  maximal 
assumpdons,  respectively)  assessing  the  association  between  the  dependent  variable  and 
initial  dioxin  without  adjusting  for  covariate  information.  Immediately  below  the  specified 
assumption,  the  aggregate  sample  size  (n)  and  the  coefficient  of  determination  (R^) 
associated  with  the  simple  linear  regressioa  of  the  continuous  dependent  variable  on  log2 
(initial  dioxin)  are  presented.  Sample  sizes  also  are  presented  for  low,  medium,  and  high 
categories  of  initial  dioxin.  The  numerical  values  defining  these  categories  are  speeffied  in  a 
table  foomote.  The  low,  medium,  and  high  categories  are  based  on  die  lower  25th  percent, 
the  25th  to  75th  percent,  and  the  upper  25th  percent  of  the  initial  dioxin  estimates  for  the 
cohort  corresponding  to  the  specif!^  assumption.  Means  of  the  dependent  variable 
(transformed  to  the  original  units,  if  necessary)  are  calculated  from  the  data  and  are 
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presented  for  the  low,  medium,  and  high  initial  dioxin  categories.  Based  on  the  simple  linear 
regression  analysis,  the  estimated  slope  and  its  associated  standard  error  are  reported  for 
each  assumption.  If  the  dependent  variable  was  transformed  for  the  regression  analysis,  the 
means,  slope,  and  standard  error  ate  foomoted  and  the  transformation  is  identified  in  the 
footnote.  The  p-value  associated  with  testing  whether  the  estimated  slope  is  equal  to  zero 
also  is  present^  under  both  assumptions. 

Based  on  analyses  that  incorpo*^te  covariate  and  interaction  information,  subpanels  (c) 
and  (d)  report  summary  statistics  (fa  the  minimal  and  maximal  assumptions,  respectively) 
assessing  the  association  between  the  dependent  variable  and  initial  dioxin.  Immediately 
below  the  specified  assumption,  the  aggregate  sample  size  (n)  and  the  multiple  coefficient  of 
determinatioa  (R^)  are  present^  for  a  multiple  linear  regression  of  the  continuous  dependent 
variable  on  log2  (initial  dioxin)  including  covariate  and  interaction  effect  terms  m  the  ^justed 
model.  Similar  to  the  unadjusted  analyses,  sample  sizes  are  also  presented  for  low,  medium, 
and  high  categories  of  initial  dioxin,  llie  numerical  values  defining  these  categories  are 
specified  in  a  table  footnote.  Sample  sizes  for  corresponding  panels  of  unadjusted  and 
adjusted  analyses  may  differ  because  of  missing  covariate  information.  Adjusted  means  of 
the  dependent  variable  (transformed  to  the  original  units,  if  necessary)  also  are  presented. 
The  adjusted  means  are  presented  for  the  low,  medium,  and  high  initial  dioxin  categories. 
Based  on  the  multiple  linear  regression  analysis,  the  adjusted  slope  for  the  log2  (initial 
dioxin)  term  and  its  associated  standard  error  are  reponed  for  each  assumption.  If  the 
dependent  variable  was  transformed  for  the  regression  analysis,  the  adjusted  means, 
adjusted  slope,  and  standard  error  are  foomoted  and  the  transformation  is  identified  in  the 
foomote.  The  p'value  for  testing  whether  the  adjusted  slope  is  equal  to  zero  also  is 
presented  under  both  assumptions. 

Covariates  with  p-vaiues  less  than  or  equal  to  0.15  and  interactions  with  p-values  or 
equal  to  0.05  retained  in  the  multiple  regression  model  after  implementing  the  modeling 
strategy  are  presented  under  covariate  remarks,  along  with  the  associated  p-values.  If  the 
multiple  regression  model  contains  a  signiticant  initial  dioxin-by-covariate  interaction  with  an 
associated  p-value  less  than  or  equal  to  O.OI,  then  the  adjusted  means,  adjusted  slope, 
standard  error,  and  p-value  generally  are  not  reported.  The  entries  for  these  statistics  are 
reported  as  four  asterisks  (****)  and  are  identified  by  a  table  foomote.  Covariates  and 
interactions  retained  in  the  model  are,  however,  reported  under  covariate  remarics.  For  some 
clinical  assessments,  an  analyst  may  exercise  discretion  and  report  the  adjusted  means, 
adjusted  slope,  standard  error,  and  a  p-value  fmm  a  model  that  excludes  the  interaction 
having  a  p-value  less  than  0.01.  When  these  discretionary  followup  analyses  are  performed, 
the  results  are  reported  along  with  three  asterisks  (***)  and  are  explain^  by  a  table 
foomote.  If  the  multiple  regression  model  contains  a  significant  initial  dioxin-by-covariate 
interaction  with  an  associated  p-value  between  0.01  and  0.05,  then  the  adjusted  means, 
adjusted  slope,  standanl  error,  and  p-value  are  reported  from  a  nnodel  that  excludes  that 
interaction.  The  entries  for  these  statistics  are  reported  along  with  two  asterisks  (**) 
accompanied  by  a  table  foomote.  In  either  case  (le.,  pSO.Ol  or  0.01<p^.05).  stratified 
analyses  are  undertaken  and  the  results  are  reported  in  an  associated  append  for  each 
individual  clinical  area. 

Subpanels  (e)  and  (f)  of  Table  13-3,  for  example,  report  summary  statistics  (for  the 
minimal  and  maximal  assumptions,  respectively)  assessing  the  association  of  the  dependent 
variable  with  current  dioxin  and  time  since  tpur  without  adjusting  for  covariate  information. 
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Multiple  regression  techniques  are  used  to  generate  the  statistics  provided  in  both  panels.  In 
the  multiple  regression  model,  current  dioxin  is  included  as  a  continuous  variable  and  time 
since  tour  as  a  discrete  variable.  The  interaction  of  current  dioxin  and  tnoe  since  tour  also  is 
included.  For  these  models,  time  since  tour  is  dichotomized  and  separate  statistics  are 
presented  on  the  association  between  the  dependent  variable  and  currcM  dioxin  within  each 
time  stratum.  For  each  subpanel,  the  aggregate  sample  size  (n)  and  the  coefficient  of 
determination  (R^)  are  presented,  under  each  specified  assumption,  for  die  multiple  linear 
regression  model.  For  presentation  purposes,  current  dioxin  and  time  siace  tour  both  are 
categorized.  The  numerical  values  defining  the  current  dioxin  categories  are  specified  in  a 
table  footnote.  The  low,  medium,  and  high  categories  are  based  on  the  kwer  25th  percent, 
tne  25th  to  75th  percent,  and  the  upper  25th  percent  of  the  current  dioxin  estimates  for  the 
cohort  corresponding  to  the  specified  assumption.  Tne  value  of  18.6  years  for  time  since  tour 
corresponds  to  approximittely  the  median  value  of  time  since  tour  in  the  Ranch  Hand  cohort. 
The  means  of  the  dependent  variable  (transformed  to  the  original  units,  if  necessary)  arc 
calculated  from  the  data  and  are  presented,  along  with  sample  size,  for  die  combinations  of 
trichotomized  current  dioxin  and  dichotomized  time  since  tour.  The  first  p-valuc  within  each 
subpanel  evaluates  the  interaction  term  of  the  multiple  regression  using  current  dioxin  in 
continuous  form  and  time  since  tour  in  discrete  form.  The  p-value  for  the  interaction  term 
provides  a  test  of  the  equality  of  the  slopes  for  the  two  time  strata.  For  each  time  stratum,  a 
simple  linear  regression  model  of  the  dependent  variable  on  current  dioxin  (Iog2  scale) 
provides  an  estimated  slope,  associated  standard  error,  and  p-valuc  for  testing  the 
significance  of  the  slope.  If  the  dependent  variable  was  transformed  for  regression  analysis, 
the  means,  slope,  and  standard  error  arc  footnoted  and  the  transformation  identified  in  the 
footnote. 

Incorporating  covariate  and  current  dioxir.-by-timc-by-covariate  interaction  information 
into  the  analysis,  subpancls  (g)  and  (h)  tepon  summary  statistics  (for  die  minimal  and 
maximal  assumptions,  respectively)  assessing  the  association  of  the  dependent  variable  with 
current  dioxin,  time  since  tour,  and  the  current  dioxin-by-time  interaction.  Multiple  linear 
regression  techniques  arc  used  to  generate  the  statistics  provided.  In  the  overall  multiple 
regression  model,  current  dioxin  is  included  as  a  continuous  variable  and  time  since  tour  as  a 
discrete  variable.  The  interaction  of  current  dioxin  and  time  since  tour  also  is  included.  The 
test  of  the  interaction  of  current  dioxin  and  time  since  tour  (i.e.,  the  first  p-valuc  in  each 
subpanel)  determines  whether  the  adjusted  slopes  of  the  two  time  strata  differ  significantly. 


Immediately  below  the  specified  assumption,  the  aggregate  sample  size  (n)  and  the 
multiple  coefficient  of  determination  (R^)  arc  presented  for  the  multiple  linear  regression  of 
the  continuous  dependent  variable  on  current  dioxin  (Iog2  scale),  time  since  tour,  the  current 
dioxin-by-time  interaction,  covariates,  and  other  interactions  retained  in  the  model.  For  each 
time  stratum  (518.6  years  or  >18.6  years),  separate  statistics  relating  the  dependent 
variable  to  current  dioxin  (log2  scale)  arc  presented.  In  particular,  based  on  the  multiple 
linear  regression  analysis,  the  adjusted  slope  for  the  current  dioxin  term  (log2  scale),  its 
associated  standard  error,  and  a  p-valuc  for  testing  the  significance  of  the  slope  arc  reported. 

Sample  sizes  also  are  presented  for  combinations  of  low,  medium,  and  high  categories  of 
current  dioxin  and  dichotomized  time  since  tour.  The  numerical  values  defining  these 
categories  are  specified  in  a  table  footnote.  Sample  sizes  for  corresponding  panels  of 
unadjusted  and  adjusted  analyr“<:  may  differ  because  of  missing  covariate  information. 
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Adjusted  means  of  the  dependent  variable  (transformed  to  the  original  units,  if  necessary) 
are  presented.  The  adjusted  means  are  presented  for  the  combinations  of  trichotomized 
current  dioxin  and  dichotomized  time  since  tour.  If  the  dependent  variable  was  transformed 
for  the  regression  analysis,  the  adjusted  means,  adjusted  slope,  and  standard  error  are 
footnoted  and  the  transformation  is  identified  in  the  footnote. 

Covariates  (p-values  less  than  or  equal  to  0.15)  and  interactions  (p-values  less  than  or 
equal  to  0.05)  retained  in  the  multiple  regression  model  after  implementing  the  modeling 
strategy  are  presented  under  covariate  remarks,  along  with  the  associated  p-values.  If  the 
multiple  regression  model  contains  a  significant  current  dioxin-by-time-by-covariate 
interaction  term  with  an  associated  p-value  less  than  or  equal  to  0.01,  then  the  adjusted 
means,  adjusted  slope,  standard  error,  and  p-value  generally  are  not  reported.  The  entries 
for  these  statistics  are  reported  as  four  asterisks  (****)  and  arc  identified  by  a  table 
footnote.  Covariates  and  interactions  retained  in  the  model  are,  however,  reported  under 
covariate  remarks.  For  some  clinical  assessments,  an  analyst  may  exercise  discretion  and 
report  adjusted  means,  adjusted  slope,  standard  error,  and  a  p-value  from  a  model  that 
excludes  the  interaction  having  a  p-value  less  than  0.01.  When  these  discretionary  followup 
analyses  are  performed,  the  results  are  reported  along  with  three  asterisks  (***)  and  are 
explained  by  a  table  footnote.  If  the  multiple  regression  model  contains  a  significant  current 
dioxin-by-time-by-covariate  interaction  with  an  associated  p-value  between  0.01  and  0.05, 
then  the  adjusted  means,  adjusted  slope,  standard  error,  and  p-value  are  reported  from  a 
model  that  excludes  that  interaction.  The  enuies  for  these  statistics  arc  reported  along  with 
two  asterisks  (**)  accompanied  by  a  table  footnote.  In  eithc*  case,  interactions  arc 
investigated  within  strata  of  the  covariate  and  reported  in  an  associated  appendix  for  each 
clinical  area. 

Subpanels  (i)  and  (j)  i^f  Table  13-3,  for  example,  show  the  results  of  unadjusted  and 
adjusted  analyses  that  compare  the  means  of  a  continuous  dependent  variable  for  Ranch 
Hands  with  high,  low,  and  unknown  current  dioxin  levels  and  for  Comparisons  having 
background  current  dioxin  levels.  The  note  at  the  bottom  of  the  table  defines  the  four  current 
dioxin  categories.  Sample  sizes  for  each  category  and  across  the  four  categories  are 
reported.  The  coefficient  of  determination  (R^)  also  is  presented. 

For  the  unadjusted  analysis,  dependent  variable  means  are  presented  for  each  category. 
If  the  dependent  variable  was  transformed  for  the  analysis,  the  means  of  the  transformed 
values  are  converted  to  the  original  scale  and  the  column  heading  is  footnoted.  A  test  of  the 
simultaneous  equality  of  the  four  category  means  is  evaluated  by  the  first  p-value  cited.  If 
the  analysis  was  performed  on  a  transformed  scale,  the  p-value  column  is  footnoted  to 
indicate  that  the  p-value  is  based  on  the  difference  of  means  on  a  'j’ansformed  scale.  For  the 
individual  contrasts  of  the  three  Ranch  Hand  categories  versus  Comparison  background 
category,  differences  in  means  arc  reported  on  the  original  scale.  If  the  analyses  were 
performed  on  a  transformed  scale,  95  percent  confidence  intervals  on  the  differences  of  means 
arc  not  presented  and  the  column  is  footnoted.  A  p-valuc  also  is  reponed  to  determine 
whether  a  difference  in  means  for  a  specified  contrast  is  significantly  different  from  zero. 

For  an  adjusted  analysis,  the  table  is  modified  to  include  adjusted  means,  differences  in 
adjusted  means  (reported  on  the  original  scale),  95  percent  confidence  intervais  on  the 
differences  in  adjusted  means  (if  the  analysis  was  performed  on  the  original  scale),  and  any 
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covariates  and  interactions  retained  in  the  adjusted  model  along  with  their  associated  p- 
values. 

Discrete  Variables 

Discrete  Variable  With  Two  Categories 

Table  13-4  presents  an  example  of  the  results  of  analysis  when  the  dependent  variable 
is  discrete  and  dichotomous  in  form.  Subpanels  (a)  and  (b)  report  summary  stadsdes  (for  the 
minimal  and  maximal  assutnpdons,  respecdvely)  assessing  the  associadon  between  the 
depeitdent  variable  and  initial  dioxin  without  adjusdng  for  covariate  infbnnadoa.  Immediately 
below  the  specified  assumpdon,  the  aggregate  sample  size  (n)  associated  with  the  simple 
logisdc  regression  of  the  continuous  dependent  variable  on  log2  (initial  dioxin)  is  presented. 
Sample  sizes  also  are  presented  for  low.  medium,  and  high  categories  oi  initial  dioxin.  The 
numerical  values  derining  these  categories  are  specified  in  a  table  footnote.  The  low,  medium, 
and  high  categories  are  based  on  the  lower  25ch  percent,  the  25th  to  75tfa  percent,  and  the 
upper  25th  percent  of  the  inidai  dioxin  .esdmates  for  the  cohort  corresponding  to  the  specified 
assumpdon.  The  percenuge  of  Ranch  Hands  with  the  specified  dichotomous  characterisdc 
(as  cited  in  the  column  heading)  is  calculated  from  the  data  and  presented  for  the  low, 
medium,  and  high  inidai  dioxin  categories.  Based  on  the  simple  logisdc  regression  model,  an 
estimated  reladve  risk  and  its  associated  95  percent  confidence  interval  are  reported  for  each 
assumpdon.  The  p-value  associated  with  testing  whether  the  reladve  risk  is  equal  to  one 
also  is  presented  for  both  assumpdon:.  The  reladve  risk,  confidence  interval,  and  p-value 
are  bas^  on  log2  (inidai  dioxin)  in  its  continuous  form. 


Results  may  exhibit  a  significant  (pS0.05)  p-value  associated  with  testing  whether  the 
relative  risk  is  equal  to  1.00,  while  the  corresponding  95  percent  confidence  interval  on  the 
relative  risk  contains  the  number  1.00.  These  results  occur  because  the  BMDP<8-LR 
procedure  uses  a  ncrral  distribution  in  calculating  an  approximate  95  percent  confidence 
interval  and  a  chi-square  distribution  based  on  a  likelihood  radio  statistic  (9)  in  the 
determination  of  a  p-value.  Similarly,  the  results  may  exhibit  a  95  percent  confidence  interval 
of  a  relative  risk  that  does  not  contain  the  number  1.00,  while  the  conesponding  p-value  is 
not  significant  (p>0.05)  for  the  reasons  stated  above. 

Incorporating  covariate  and  interaction  information,  subpanels  (c)  and  (d)  report 
summary  statistics  (for  the  minimal  and  maximal  assumptions,  respectively)  assessing  the 
association  between  the  discrete  dependent  variable  and  initial  dioxin.  Immediately  below 
the  specified  assimaption.  the  aggregate  sample  size  (n)  is  presented  for  a  multiple  logistic 
regression  of  the  discrete  dependent  variable  on  !og2  (initial  dioxin)  including  covariate  and 
interactions  in  the  adjusted  model.  Based  on  the  multiple  logistic  regression  model,  the 
adjusted  relative  risk  for  the  log2  (iiutial  dioxin)  term  and  its  associated  95  percent  confidence 
interval  are  reported  for  each  assumption.  The  p-value  for  testing  whether  the  adjusted 
relative  risk  is  equal  to  1  also  is  presented  under  both  assumptions.  Covariates  (p- values 
less  than  or  equal  to  0.15)  and  interactions  (p-vaJues  less  than  or  equal  to  0.05)  retained  in 
the  multiple  regression  model  after  implementing  the  modeling  strategy  are  presented  under 
covariate  remarks,  along  with  the  associated  p-values.  If  the  multiple  logistic  regression 
model  contains  a  significant  initial  dioxin-by-covariate  interaction  with  an  associated  p-valuc 
less  than  or  equal  to  O.OI,  then  the  adjusted  relative  risk,  95  percent  confidence  interval,  and 
associated  p-value  generally  are  not  reponed.  The  entries  for  these  sutistics  are  reported 
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as  four  asterisks  (****)  and  are  identified  by  a  ubie  footnote.  Covariates  and  interactions 
retained  in  the  model  are,  however,  reported  under  covariate  remarks.  For  some  clinical 
assessments,  an  analyst  may  exercise  discredon  and  report  an  adjusted  reladve  risk,  95 
percent  confidence  interval,  and  an  associated  p^value  ^m  a  model  that  excludes  the 
interacdon  having  a  p-value  less  than  O.OI.  ^^en  these  discredonary  followup  analyses  are 
performed,  the  results  are  reported  along  with  three  asterisks  (***)  and  are  explained  by  a 
table  footnote.  If  the  muldple  logistic  regression  model  contains  a  significant  initial  dioxin- 
by-covariate  interacdon  with  a  p-value  between  0.01  and  0.05,  then  the  adjusted  reladve 
risk,  95  percent  confidence  interval,  and  associated  p>value  are  reponed  fiom  a  model  that 
excludes  that  interaction.  The  entries  for  these  statistics  are  reported  along  with  two 
asterisks  (**)  accompanied  by  a  table  foomote.  In  either  case  (i.e.,  p^.Ol  or  0.01<p^.05}, 
stratified  analyses  are  undert^en  and  the  results  are  reported  in  an  tqipropriate  appendix. 

Subpaneis  (e)  and  (f)  of  Table  13-4,  for  example,  report  summary  statistics  (for  the 
minimal  and  maximal  assumptions,  respectively)  assessing  the  association  of  the  discrete 
dependent  variable  with  current  dioxin  and  time  since  tour  without  adjusting  for  covariate 
information.  Multiple  logistic  regression  techniques  are  used  to  generate  the  statistics 
provided  in  both  panels.  In  the  muldple  logistic  regression  model,  current  dioxin  is  treated  as 
a  continuous  variable  and  time  since  tour  as  a  discrete  variable.  The  interaction  of  current 
dioxin  and  time  since  tour  also  is  included  in  the  model.  For  the  logistic  regression  model, 
time  since  tour  is  dichotomized  and  separate  statistics  are  presented  for  the  association 
between  the  dependent  variable  and  current  dioxin  within  each  time  stratum.  For  each 
subpanei,  the  aggregate  sample  size  (n)  is  presented  under  each  specified  assumption  for  the 
multiple  logistic  regression  model.  For  presentation  purposes,  current  dioxin  and  time  since 
tour  ooth  arc  categorized.  The  numerical  values  defining  the  current  dioxin  categories  are 
specified  in  a  table  foomote.  The  low,  medium,  and  high  categories  are  based  on  the  lower 
25th  percent,  the  25th  to  75th  percent,  and  the  upper  25th  percent  of  the  measured  current 
dioxin  for  the  cohon  corresponding  to  the  specified  assumption.  The  value  of  18.6  years  for 
time  since  tour  corresponds  to  approximately  the  median  value  in  the  Ranch  Hand  cohort 
The  percentage  of  Ranch  Hands  with  the  specified  dichotomous  characteristic  (as  cited  in  the 
column  heading)  is  calculated  from  the  data  and  presented,  along  with  sample  size,  for  the 
combinations  of  trichoromized  current  dioxin  and  dichotomized  time  since  tour.  Each  panel 
also  contains  a  p-value  (i.e.,  the  flnt  p-value  in  each  subpanel)  for  the  interaction  of  the 
multiple  logistic  regression  using  current  dioxin  in  continuous  form  and  time  since  tour  in 
discrete  form.  The  p-value  for  the  interaction  term  provides  a  test  of  the  equality  of  the 
relative  risks  for  the  two  time  strata.  For  each  time  stratum,  the  logistic  regression  on 
current  dioxin  (log2  scale)  provides  an  estimated  relative  risk,  associated  95  percent 
confidence  interval,  and  p-value  for  testing  the  significance  of  the  relative  risk. 

Incorporating  covariate  and  interajtion  inforaution  into  the  analysis,  subpaneis  (g)  and 
(h)  report  summary  statistics  (for  the  minimal  and  maximal  assumptions,  respectively) 
assessing  the  association  of  the  discrete  dependent  variable  with  current  dioxin,  time  since 
tour,  and  the  current  dioxin-by-time  interaction.  Multiple  logistic  regression  techniques  are 
used  to  generate  the  statistics  provided.  In  the  multiple  logistic  regression  nxxlel,  current 
dioxin  is  included  as  a  continuous  variable  and  time  since  tour  as  a  discrete  variable.  The 
interaction  of  current  dioxin  and  time  since  tour  also  is  included.  The  test  of  the  interaction  of 
current  dioxin  and  time  since  tour  (i.e.,  the  first  p-value  in  each  subpanel)  determines 
whether  the  adjusted  relative  risks  of  the  two  time  strata  differ  significantly. 
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Immediately  below  the  specified  assumption,  the  aggregate  sample  size  (n)  is 
presented  for  the  multiple  logistic  regression  of  the  continuous  depoident  variable  on  log2 
(current  dioxin),  time  since  tour,  the  current  dioxin-by-dme  interaction,  covariates,  and  other 
interacdons  retained  in  the  model.  For  each  dme  stratum  (^18.6  years  or  >18.6  years), 
separate  stadsdcs  reladng  the  dependent  variable  to  current  dioxin  (Iog2  scale)  are 
presented.  Based  on  the  muldple  logisdc  regression  analysis,  the  adjusted  reladve  risk  for 
the  log2  (current  dioxin)  term,  its  associated  95  percent  confidence  interval,  and  a  p-value  for 
testing  the  significance  of  the  adjusted  reladve  risk  are  reponed. 

Covariates  (p- values  less  than  or  equal  to  0.15)  and  interacdons  (p-values  less  than  or 
equal  to  0.05)  retained  in  the  muldple  logisdc  regression  model  after  implemendng  the 
modeling  strategy  are  presented  under  covariate  remarks,  along  widi  the  associated  p- 
values.  If  the  muldple  logisdc  regression  model  contains  a  significant  current  dioxin-by- 
dme-by*covariate  interacdon  term  such  that  the  associated  p-value  is  less  than  or  equal  to 
0.01,  then  the  adjusted  reladve  risk,  associated  95  percent  confidence  interval,  and  p-value 
generally  are  not  reponed.  The  entries  for  these  stadsdcs  are  repotted  as  four  asterisks 
(•*••)  and  are  identified  by  a  table  foomote.  Covariates  and  interactions  retained  in  the 
model,  however,  are  reponed  under  covariate  remarks.  For  some  clinical  assessments,  an 
analyst  may  exercise  discretion  and  repon  an  adjusted  relative  risk,  95  percent  confidence 
interval,  and  an  associated  p-value  from  a  model  that  excludes  the  interaction  havin2  a  p- 
value  less  than  0.01.  When  these  discretionary  followup  analyses  are  performed,  the  results 
will  be  reported  along  wiut  three  asterisks  (***)  and  are  explained  by  a  table  foomote.  If  the 
muldplr  logistic  regression  model  contains  a  significant  current  dioxin-by-dme-by-covariate 
interacdon  such  that  the  interacdon  lies  between  0.01  and  0.05,  then  the  adjusted  reladve 
risk,  95  percent  confidence  interval,  and  p-value  are  reponed  from  a  model  that  excludes  that 
interaction.  The  entries  for  these  statistics  arc  report^  along  with  two  asterisks  (**) 
accompanied  by  a  uble  footnote.  In  either  case  (p<0.01  or  0.01<p^.05),  stratified  analyses 
are  undenaken  and  reponed  in  the  appropriate  appendix. 

Subpanels  (i)  and  (j)  of  Table  13-4,  for  example,  show  the  results  of  unadjusted  and 
adjusted  analyses  that  compare  Ranch  Hands  with  high,  low,  and  unknown  current  dioxin 
levels  and  Comparisons  having  background  current  dioxin  levels  on  the  relative  frequency  for 
a  specified  discrete  dependent  variable  (e.g.,  percent  of  participants  in  a  current  dioxin 
category  with  an  abnormal  condition).  The  note  at  the  bottom  of  the  table  defines  the  four 
categories.  Sample  sizes  for  each  category  and  across  the  four  categories  are  reponed. 

For  the  unadjusted  analysis,  a  relative  frequency  is  presented  for  each  current  dioxin 
category.  The  simultaneous  equality  of  the  four  category  relative  frequencies  is  evaluated  by 
the  first  p-value  cited.  For  the  individual  contrasts  of  the  three  Ranch  Hand  categories 
versus  Comparison  background  category,  relative  risks,  associated  95  percent  confidence 
intervals  for  the  reladve  risks,  and  p-values  to  evaluate  if  the  risks  differ  significandy  from  1 
are  presented. 

Results  may  exhibit  a  significant  (pSO.05)  p-value  associated  with  testing  whether  the 
reladve  risk  is  equal  to  1.00,  while  the  corresponding  95  percent  confidence  interval  on  the 
relative  risk  contains  the  number  1.00.  Similarly,  the  results  may  exhibit  a  95  percent 
confidence  interval  of  a  reladve  risk  that  does  not  contain  the  number  I.OO,  while  the 
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corresponding  p*value  is  not  significant  (p>0.05).  These  patterns  are  due  to  the  use  of  the 
normal  distribudon  in  calculating  an  approximate  95  percent  confidence  interval  and  the  use  of 
Hsher’s  exact  test  for  unadjusted  analyses  in  the  determinadon  of  the  corresponding  p- 
values  in  the  event  of  sparse  data. 

For  an  adjusted  analysis,  the  table  presents  adjusted  reladve  risks,  95  percent 
confidence  intervals  on  the  adjusted  reladve  risks,  and  covariates  and  intentedons  retained  in 
the  adjusted  model  along  with  their  associated  p-values. 

Discrete  Variable  With  More  Than  Two  Categories 

Log'Unear  analysis  techniques  were  used  to  analyze  discrete  dependent  variables 
having  more  than  two  levels  (e.g.,  low,  normal,  high — see  Table  13-6).  For  the  unadjusted 
and  adjusted  analyses  relating  such  discrete  dependent  variables  to  inidal  dioxin,  summary 
tables  present  sample  sizes,  reladve  frequencies,  relative  risks,  95  percent  confidence 
intervals  for  the  relative  risks,  and  associated  p-values.  For  the  adjusted  analyses,  any 
covariates  and  interactions  rctaited  in  the  model  along  with  their  associated  p-valucs  also 
are  presented.  One  difference  between  the  table  presentations  for  dichotomous  dependent 
variables  and  discrete  dependent  variables  with  more  than  two  levels  is  that  relative 
frequencies  of  Ranch  Hands  belonging  to  each  of  the  dependent  variable  categories  are 
summarized  with  respect  to  each  inidal  dioxin  category  (i.e..  low,  medium,  and  high  initial 
dioxin).  Therefore,  for  each  initial  dioxin  level,  the  relative  frequencies  sum  to  100  percent 
across  the  dependent  variable  categories.  Also,  for  specified  pairs  of  dependent  variable 
levels  (e.g.,  low  and  normal  or  high  and  normal  for  the  discrete  dependent  variable),  contrasts 
for  high  initial  dioxin  venus  low  initial  dioxin,  and  medium  initial  dioxin  venus  low  initial 
dioxin,  are  constructed  with  relative  risks,  95  percent  confidence  intervals,  and  associated 
contrast  p-valucs.  Contrasts  are  based  on  a  categorized  form  (i.e.,  low,  medium,  and  high)  of’ 
initial  dioxin  rather  than  log2  (initial  dioxin).  A  p-value  for  an  overall  test  of  independence 
between  the  dependent  variable  and  initial  dioxin  also  is  reponed. 

Similar  to  the  log-linear  analysis  using  initial  dioxin,  unadjusted  and  adjusted  analyses 
of  discrete  dependent  variables  with  more  than  two  categories  were  performed  using  current 
dioxin  and  time  since  tour.  For  the  unadjusted  analysis,  sample  sizes,  relative  frequencies 
(within  each  current  dioxin  level),  current  dioxin  contrasts  for  specified  pairs  of  dependent 
variable  levels  with  relative  risks,  95  percent  confidence  intervals  on  the  relative  risks,  and 
associated  contrast  p-valucs  were  reponed  for  each  time  since  tour  stratum.  For  these 
analyses  a  categorized  form  of  current  dioxin  (i.e.,  low,  medium,  and  high),  rather  than  the 
continuous  form  of  log2  (current  dioxin),  is  used.  For  the  adjusted  analysis,  contrast-specific 
adjusted  relative  risks  with  95  percent  confidence  intervals,  associated  contrast  p-values, 
and  covariates  and  interactions  retained  in  the  model  along  with  associated  p-valucs  are 
presented.  For  both  the  unadjusted  and  the  adjusted  analyses,  a  p-value  is  provided  that 
tests  the  significance  of  the  interaction  between  current  dioxin  and  time  since  tour  and,  for 
each  time  stratum,  another  p-value  is  reponed  as  an  overall  test  of  independence  between 
the  discrete  dependent  variable  and  current  dioxin. 

For  log-linear  analyses  of  initial  dioxin,  and  those  concerning  ciirrent  dioxin  and  time 
since  tour,  the  outpoints  between  the  three  dioxin  categories  (i.e.,  between  low  and  medium 
dioxin,  and  between  medium  and  high  dioxin)  are  the  same  under  both  the  minimal  and 
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itiaximal  assumptions.  The  actual  cutpoints  are  relevant  for  log*iinear  analyses,  and  this 
standardization  was  done  to  permit  a  more  valid  comparison  of  category  contrasts  between 
the  minimal  and  maximal  assumpdons. 

Unadjusted  and  adjusted  analyses  companng  reladve  frequencies  for  discrete  dependent 
variables  of  more  than  two  categories  also  were  p^ormed  to  compare  the  four  current  dioxin 
categories.  For  the  unadjusted  analysis,  sample  sizes,  relative  fr^uencies  (within  each  of 
the  four  categories).  Ranch  Hand  versus  Comparison  contrasts  for  specified  pairs  of 
dependent  variable  levels  with  reladve  risks,  95  percent  confidence  intervals  on  the  reladve 
risks,  and  associated  contrast  p>values  were  reported.  For  the  adjusted  analysis,  sample 
sizes,  contrast-specific  adjusted  reladve  risks  with  95  confidence  intervals,  associated 
contrast  p-values,  and  covariates  and  interacdons  retained  in  the  model  along  with 
associated  p-values  are  presented.  For  both  the  unadjusted  and  the  adjusted  analyses,  an 
all  categories  p-value  is  provided  that  tests  the  independence  of  the  categories  and  the 
discrete  dependent  variable. 

GRAPHICS 

The  analytic  activities  for  the  serum  dioxin  analyses  were  supplemented  by  two  sets  of 
graphic  displays:  daa  plots/histograms  and  interaction  plots/histograms.  These  graphics 
were  produced  using  the  SYSTAT*  graphics  procedure  (16). 

Data  Plots/Histograms 

As  part  of  the  serum  dioxin  analyses,  graphic  displays  were  produced  describing  the 
relationship  between  each  dependent  variable  and  serum  dioxin  level,  as  well  as  relevant 
covariates  and  serum  dioxin  level.  Evaluations  of  the  relationships  between  dioxin  and  the 
covaiiates  were  carefully  made  because  such  relationships  particularly  are  important  in  the 
interpretation  of  dioxin  effects  for  this  study  (see  Chapter  5,  Covariate  Associations).  Initial 
and  current  dioxin  levels  were  used  in  continuous  form.  Transformations  used  in  statistical 
analyses  also  were  incorporated  into  the  graphic  presentations. 

For  initial  dioxin,  dependent  variable  and  covaiiate  relationships  were  displayed 
separately  for  Ranch  Hands  under  the  minimal  and  maximal  assumptions.  In  addition,  graphic 
relationships  between  dependent  health  variables  and  current  dioxin  level,  as  well  as 
relevant  covariates  and  current  dioxin  level,  were  presented  separately  for  all  Comparisons 
and  Ranch  Hands. 

For  continuous  dependent  variables,  bivariate  scattcrplots  were  produced,  r'or  binary 
or  categorical  dependent  variables,  bar  charts  with  percentages  of  participants  classified  as 
abnormal  for  common  interval  groupings  of  dioxin  were  generated  for  each  of  the  clinical 
areas.  For  the  covariate  associations  seaion,  relative  frequency  histograms  woe  produced 
for  each  level  of  the  covariatc. 

Figure  4-5  presents  an  illustration  of  the  bar  charts  seen  in  the  appendix  for  each 
clinical  area.  Figures  4-5(a),  (b).  and  (c)  display  a  positive  relationship,  no  relationship,  and 
a  negative  relationship  between  the  percentage  of  participants  classified  as  abnormal  and 
dioxin.  These  displays  were  generated  assuming  equal  sample  sizes  for  each  bar;  inference 
based  on  unequal  sample  sizes  is  not  straightforward.  Figures  4-6<a),  (b),  and  (c)  illustrate 
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examples  of  a  positive  reladonship,  no  relationship,  and  a  negative  relationship  between  a 
depei^nt  health  variable  and  dioxin. 

Interaction  Plots/HIstograms 

Dioxin>by-covariate  interactions  also  were  invesdgated  through  appropriate  graphic 
displays.  Analogous  to  the  data  plots/histograms,  transformadons  were  used  in  the 
presentadons  when  appropriate.  If  the  dependent  variable  was  continuous  (e.g.,  blood  urea 
nioogen),  a  significant  interacdon  between  dioxin  level  (e.g.,  inidal  dioxin)  and  a  covariate 
(e.g.,  age)  was  presented  as  a  set  of  bivariate  scatteiplots  (dependent  variable  venus  inidal 
doxin)  for  each  level  of  a  categorized  covariate.  For  a  disc^  dependent  variable  (e.g.. 
kidney  disease:  yes  versus  no),  a  significant  interacdon  between  inidal  dioxin  and  a 
covariate  was  di^layed  using  bar  charts  at  each  level  of  a  categorized  covariate.  The  bar 
charts  contrasted  percentages  of  pardcipants  classified  as  abnormal  for  common  interval 
groupings  of  initial  dioxin. 

Statistical  Analysis  Protocol 

Except  for  changes  suggested  by  the  Advisory  Committee  (deletioning  condidonal 
analyses  and  moving  fasting  glucose  from  Chapter  10.  Gasffointesdnal  Assessment  to 
Chapter  15.  Endocrine  Assessment),  ail  stadsncal  analyses  summarized  in  this  report  were 
carried  out  as  specified  in  an  analytical  plan  (17)  written  in  July  1989  and  the  contract 
Statement  of  Work;  the  analyses  ^gan  in  Oaober  1989  and  concluded  in  November  1990. 
The  analytical  plan  specified  statistical  methods,  dependent  variables,  covariates,  and 
exclusions.  These  analyses  did  not  deviate  from  those  specified  in  the  plan.  In  certain  cases, 
clarification  analyses  were  carried  out,  however.  Stria  adherence  to  the  plan  was  maintained 
to  avoid  the  possibility  that  some  analyses  might  be  conducted  based  on  the  observation  of 
significant  results.  Such  analyses  are  called  "post  hoc”  and  are  known  to  be  biased  (18). 
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CHAPTERS 


COVARUTE  ASSOCUTIONS 


INTRODUCTION 

This  chapter  evaluates  the  covariates  used  in  adjusted  stadsdcal  analyses  for  signifi¬ 
cant  associations  with  initial  dioxin  levels  for  the  Ranch  Hand  participants  and  current  dioxin 
levels  for  the  Ranch  Hands  and  the  Comparisons.  The  evaluadon,  with  respect  to  initial 
(doxin  levels  for  the  Ranch  Hand  participants,  was  perfonaed  under  both  the  mimntal  and  the 
maTimai  assumpdons  (Le,  Ranch  Hands  with  current  dioxin  above  10  ppt  and  above  5  ppt, 
respecdvely;  see  Chapter  4,  Stadsdcal  Methods,  for  a  further  discussioa  of  these 
assumpdons).  Associadons  between  the  covariates  and  the  health  status  variables  are 
documented  in  the  previous  Air  Force  Health  Study  report  of  the  1987  examinadon  data  (1). 

Table  5-1  presents  geometric  mean  dioxin  levels  (transformed  from  the  logarithm  base 
2  scale)  and  sample  sizes  by  covariate  category  under  Ixsth  assumpdons  for  inidal  dioxin  and 
under  iK3th  group  classificadons  (i.e..  Ranch  H^ids  and  Comparisons)  for  current  dioxin. 

Mean  dioxin  levels,  expressed  in  parts  per  trillion  (ppt).  were  evaluated  for  stadsdcal 
significance  across  the  defined  categories  of  a  pardcular  covariate  (e.g.,  under  both 
assumpdons,  initial  dioxin  means  of  Black  and  non-Black  Ranch  Hand  pardcipants  were 
compared  for  a  stadsdcally  significant  difference).  The  aggregate  sample  size  and  the 
significance  probability  associated  with  comparing  dioxin  means  across  covariate  levels  are 
included  in  the  table.  Ag^gate  sample  sizes  may  di^er  from  covariate  to  covariate  because 
x>f  missing  covariate  inforrnadon.  The  significance  probability  was  determined  from  stadsdcs 
calculated  on  the  logarithm  base  2  scale  of  the  serum  dioxin  concentradon.  For  covariates  on 
a  condnuous  scale,  the  correladon  coefficient  and  the  associated  significance  probability  are 
presented  in  the  table.  The  correladon  coefficient  is  based  on  the  associadon  between  the 
covariate  and  the  logarithm  base  2  of  the  serum  dioxin  concentradon.  Dioxin  levels  equal  to 
zero  were  assigned  a  value  of  0.1  ppt  due  to  the  logarithmic  transformadon  used  in  the 
analyses  of  all  Ranch  Hands  and  ^  Comparisons. 

MATCHING  VARIABLES  (AGE,  RACE,  AND  OCCUPATION) 

The  variables  age,  race,  and  military  occupadon  were  used  in  the  design  of  the  Air  Force 
Health  Study  to  match  Ranch  Hand  parddpants  with  Comparisons  and  thus  reduce  the 
associadon  between  these  variables  and  group  status.  It  was  not  possible  to  eliminate  the 
associadon  of  these  variables  with  serum  dioxin  through  the  study  design,  however. 

In  general,  age  at  Baseline  (1982)  exhibited  a  significant  negadve  correladon  with  inidal 
dioxin  (p<0.001  under  both  the  minimal  and  maximal  assumpdons).  For  Ranch  Hands  bom  in 
or  after  1942,  and  for  those  bom  before  1942,  inidal  dioxin  means  were  226.6  ppt  and  148  J 
ppt  under  the  minimal  assumpnon.  Corresponding  means  of  initial  dioxin  under  the  maximal 
assumpdon  were  149.9  and  101.6  ppt,  respecdvely.  For  all  Ranch  Hand  pardcipants  a 
significant  negadve  correladon  between  age  and  current  dioxin  was  exhibited  (p<0.001).  The 
current  dioxin  means  were  19.3  ppt  and  1 1.7  ppt  for  Ranch  Hands  bora  in  or  afier  1942  and 
Ranch  Hands  bom  before  1942.  For  the  Comparisons  the  correladon  between  age  and 
current  dioxin  was  also  significant,  but  positive  (p<0.001).  The  current  dioxin  means  were 
3.0  ppt  for  Comparisons  bom  in  or  after  1942  and  4.0  ppt  for  Comparisons  bom  before  1942. 
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TABLE  5-1. 

Rebtfoiuhip  of  Covariates  to  Initial  and  Current  DioKiB 


Initial  Dfoxfn  manch 
-Aaromprion. 


Variable  Statistic 
Matching  Variables 


Age  a 

(continuous)  Correlation 
p-Value 

Age  (year  n 

of  birth)  Mean  (n) 

(discrete)  BQmil942 
Boni<1942 
P-Value 

Race  a 

Mean  (a) 

Black 

Noa<Black 

P-Value 

Occupation  a 

Mean  (n) 
Officer 

Enlisted  Flyer 
Enlisted 
Gfoundcrew 
p-Value 

Alcohol  Variables 

Current  a 

Alcohol  Use  Conelation 
(continuous)  p>Value 

Cmcnt  a 

AloAol  Use  Mean  (n) 
(drinlcs/day)  0-1 

(discrete)  >1-4 

>4 

p-Value 


521 

-0,240 

<0.001 

742 

-0.200 

<0.001 

866 

-0J05 

<0.00! 

804 

0.155 

<0.001 

521 

742 

866 

804 

226.6  (237) 
148.5  (284) 
<0.001 

149.9  (314) 
101.6  (428) 
<0.001 

19.3(355)  3.0  (330) 
11.7(511)  4.0  (474) 
<0.001  <0.001 

521 

742 

866 

804 

134.5  (32) 

183.5  (489) 
0.011 

114.7  (38) 
120.0  (704) 
0.701 

14.6  (44) 
14.4(822) 
a904 

19  (49) 
3.6  (755) 
0.288 

521 

742 

866 

804 

91.7  (108) 
172.3  (108) 

61.4  (246) 
134.7  (132) 

7.7  (319) 
I6J  (148) 

4.0  (291) 
3.7  (127) 

232.1  (305) 
<0.001 

180.2  (364) 
<0.001 

23  J  (399) 
<0.001 

3.2  (386) 
0.007 

518 

0.043 

0J26 

737 

0.014 

0.703 

861 

0.039 

0.255 

804 

0.023 

0J23 

518 

737 

861 

804 

181.8  (420) 
158.4  (83) 
276.6  (15) 
0.051 

121.4  (594) 

105.5  (124) 
182.2  (19) 
0.049 

14.3  (696) 
13.6  (143) 

22.3  (22) 
0.171 

3.6  (630) 
3.2  (143) 
4J  (31) 
0.100 
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TABLE  S*L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Initial  fBangh-Hariji} 

Assumption  Current  Dioxin 

Ranch 


Variable 

Statisdc 

Minimal 

Maximal 

Hand 

Comparison 

Lifedtne 

n 

515 

733 

857 

802 

Alcohol 

Correladon 

0.044 

0.057 

0.012 

0.005 

History 

(continuous) 

p-Value 

0J18 

0.125 

0.728 

0.894 

Lifetime 

n 

515 

733 

857 

802 

Alcohol 

Mean  (n) 

History 

0 

233.7  (57) 

163.7  (73) 

18.7  (85) 

3.8  (61) 

(drink-years) 

>0-40 

167.5  (345) 

110.1  (507) 

13.4  (599) 

3.5  (547) 

(discrete) 

>40 

1918  (113) 

134.3  (153) 

15.8  (173) 

3.6  (194) 

p-Value 

0.012 

0.001 

0.021 

0.810 

Current 

n 

517 

737 

861 

803 

Wine  Use 

Correladon 

-0.111 

-0.110 

-0.054 

-0.007 

(continuous) 

p-Value 

0.011 

0.003 

0.110 

0.853 

Current 

n 

517 

737 

861 

803 

Wine  Use 

Mean  (n) 

(drinks/day) 

0 

197.2  (349) 

139.9  (459) 

16.7  (526) 

3.6  (458) 

(discrete) 

>0 

148.5  (168) 

92.1  (278) 

11.3  (335) 

3.5  (345) 

p-Value 

<0.001 

<0.001 

<0.001 

0.656 

Lifetime 

n 

517 

736 

860 

802 

Wine  History 

Correladon 

-0.160 

-0.107 

-0.059 

0.018 

(continuous) 

p-Valuc 

<0.001 

0.004 

0.086 

0.603 

Lifedme 

a 

517 

736 

860 

802 

Wine  Histcay 

Mean  (n) 

(drink- years) 

0 

2C7.4  (301) 

144.2  (398) 

16.9  (458) 

3.6  (403) 

(discrete) 

>0-10 

151.9  (191) 

97.1  (302) 

1 1.8  (363) 

3.5  (367) 

>10 

117.9  (25) 

87J  (36) 

12.9  (39) 

4.3  (32) 

p-Value 

<0.001 

<0.001 

<0.001 

0.482 
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Table  5*1.  (Continued) 

Reiationship  of  Co\-ariates  to  Initial  and  Current  Dioxin 


Variable 


Statistic 


Smoking  Variables 


Initial  Dioxin  manch 

“  Assumption- -  - Current  Dioxin 

.  ,  Ranch 

- Maximal  Hand  Comoari«.n 


Current  n 

Cigarette  Correlation 

Smoking  p-Valuc 

(continuous) 


521  742 

0013  0.034 

0.758  0.355 


866  804 

-0.067  -C.074 

0.049  0.035 


Current  n 

Cigarette  Mean  (n) 

Smoking  0-Never 

(cigarettes/  O-Formcr 

<**y)  >0-20 

(discrete)  >20 

p-Valuc 

Lifetime  n 

Cigarette  Correlation 

Smoking  p- Value 

History 
(continuous) 


521  742 


866  804 


189.0  (135) 
169.1  (196) 
187.9  (101) 
1817  (89) 
0.603 


114.1  (207) 

113.6  (282) 
137.4  (131) 

126.6  (122) 
0.208 


15.2  (236)  4.3  (223) 
14.5  (323)  3.5  (336) 
14^(159)  2.9  (128) 
119(148)  3.1(117) 
0.587  <0.001 


521  742 

-0.064  -0.010 

0.147  0.783 


866  804 

-0.094  -0.013 

0.006  0.719 


Lifetime  n 
Cigarette  Mean  (n) 

Smoking  0 
History  >0-10 

(pack-years)  >10 
(discrete)  p- Value 

Sun  Expostirc-Reiated  Variables 

Average  a 

Lifetime  Mean  (n) 

Residential  Latitude  <37* 

Latitude*  Latitude  237* 

p-VaJue 


521  742 


187.7  (136) 
180.6  (152) 
175.3  (233) 
0.749 


113.8  (208) 
124.5  (206) 
120.7  (328) 
0.621 


489  704 

196.5  (205)  126.1  (295) 

174.6  (284)  115.8  (409) 
0.128  0.247 


866  804 

15.1  (237)  4.3  (223) 
15.3  (237)  2.9  (218) 
13.5  (392)  3.6  (363) 
0-297  <0,001 


821  750 


14.8  (344) 
14.2  (477) 
0.596 


3.7  (385) 
3.6  (365) 
0.786 
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TABLE  5-L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Inipai  Pio^^in  (Rancii  Hands) 

_ AuamBtiOD _  Cmrent  Dioxin 

Ranch 


Variable 

Statistic 

Mininial 

Maximal 

Hand 

Ethnic 

n 

476 

687 

801 

738 

Backgrounds^  Mean  (n) 

AB 

179.8  (447) 

116^(654} 

14.0  (767) 

3,7  aoi) 

CDE 

260.4  (29) 

214.8  (33) 

29.1  (34) 

2.9  (37) 

P'Vaiue 

0.022 

<0.001 

<0.001 

0.115 

Skin  Color* 

n 

489 

703 

821 

755 

Mean  (n) 

Peach 

183.3  (395) 

1215  (559) 

14.7  (651) 

3.6  (615) 

Non>Peach 

184.3  (94) 

111J(144) 

13.4  (170) 

3.5  (140) 

p*Value 

a9S2 

0.293 

0.354 

0482 

Hair  Color* 

n 

489 

704 

822 

754 

Mean  (n) 

Black/Dark  Brown 

196.7  (332) 

129.0  (467) 

15.7  (541) 

3.6  (524) 

Other 

158.4  (157) 

104J(237) 

12.2  (281) 

3.7  (230) 

p-Value 

0.008 

0.005 

0.004 

0.486 

Eye  Color* 

n 

488 

703 

821 

753 

Mean  (n) 

Brown 

206J  (150) 

135.4(211) 

16.4  (242) 

3.4  (227) 

Haxel/Green 

167.8  (144) 

113.5  (205) 

13.3  (241) 

3.4  (188) 

Grey/Blue 

179.6  (194) 

114.4  (287) 

13.8  (338) 

3.9  (338) 

p-Value 

0.101 

0.097 

0.103 

0.072 

Reaction  of 

n 

489 

704 

822 

755 

Skin  *o  Sun 
After  at 

Mean  (o) 

Bum^  Painfully 

182.6  (35) 

123.3  (48) 

14.8  (56) 

5.0  (48) 

Least  2  Hours, 

Burned 

170.1  (63) 

117.6  (87) 

14.9  (102) 

3.7  (901 

After  Pint 

Because  Red 

192.8  (195) 

120.1  (292) 

14J2 (345) 

3.5  (326) 

Exposure* 

No  Reaction 

179.1  (196) 

120.1  (277) 

14.3  (319) 

34  (291) 

p-Value 

0.720 

0.995 

0.997 

0.062 

iT»] 


K  10  initial  and  Current  DloxJn 


Initial  Dioxin  march 


Variable 

Reaction  of 
Skin  to  Sun 
After 
Repeated 
Exposure^ 


Composite 
Sun  Reaction 

ladex^c 


—  As, sumption 

- QuZSnLDioxin 

Statistic 

_  \Cnimal 

Maximal 

Ranch 

Hand 

a 

Mean  (n) 

489 

704 

822 

cotsoanscA 

754 

Freclded-No  Tan 
Tanned  Mildly 
Tanned  Moderately 
Tanned  Deep  Brown 
p-Value 

2014  (11) 

207.2  (74) 

178.3  (246) 
179.9  (158) 
0.565 

138.1  (15) 
149.4  (95) 
113.8  (366) 

118.2  (228) 
0.094 

15.9  (18) 
16.1  (119) 
14.5  (417) 
13.4  (268) 
0.507 

5.6  (18) 
3.4  (109) 
3.8  (393) 
3.4  (234) 
0.088 

n 

Mean  (n) 

489 

704 

822 

754 

Low 

Medium 

High 

p-Value 

180.7  (358) 
194.3  (90) 
184.9  (41) 
0,764 

116  J  (526) 
134.5  (121) 
124.4  (57) 
0.319 

14.0  (609) 
15.8  (147) 
15.1  (66) 
0.496 

3.5  (557) 
3.4  (139) 
5.1  (58) 
0.008 

Carcinogen  Exposure  Variables 


Asbestos  a 

Exposure  Mean  (n) 

Yes 
No 

p-Value 

Ionizing  q 

Ration  Mean  (n) 

Exposure  Yes 
No 

P-Value 

Industrial  n 
P»«w*cal  Mean  (n) 

Exposure  Yes 

No 

p*  Value 


521 

742 

866 

804 

183.6  (129) 
178.8  (392) 
0,754 

121.3  (185) 

119.3  (557) 
0.832 

14.6  (212) 
14.3  (654) 
0.802 

3.7  (195) 
3J  (609) 
0180 

521 

742 

866 

804 

160.6  (105) 
1851  (416) 
0.118 

115.7  (143) 

120.8  (599) 
0.626 

113  (175) 
15.0  (691) 
0.070 

3.5  (212) 

3.6  (592) 
0.833 

521 

742 

866 

804 

196.8(311) 
157.8  (210) 
0.003 

138.8  (408) 
100.0  (334) 
<0.001 

16.6  (470) 
111  (396) 
<0.001 

3.4  (443) 
3.8  (361) 
0.043 
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TABLE  5-L  (Contiaucd) 

Relationship  of  Covariatea  to  Initial  and  Current  Dioxin 


Initial  Dioxin  (Raoch  Hands) 

Assumption  Current  Dioxin 

Ranch 


Variable 

Statistic 

Minimal 

Maximal 

Hand 

Comparison 

Herbicide 

n 

321 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

180J  (493) 

119.7  a03) 

14.6  (816) 

3.8  (263) 

No 

170.6  (28) 

121J  (39) 

11.9  (30) 

3.3  (541) 

p-Value 

0.728 

0.933 

0.227 

0.131 

Insecticide 

n 

321 

742 

866 

804 

Exposure 

Merji  (n) 

Yes 

173.0  (381) 

118.0(337) 

14.1  (626) 

3,7  (454) 

No 

200J  (140) 

124.6  (205) 

13.2  (240) 

3.3  (350) 

p*Value 

0.074 

0.484 

0.391 

0.430 

Degreasing 

n 

321 

742 

866 

804 

Chemical 

Exposure 

Mean  (n) 

Yes 

196.0  (353) 

137  J  (471) 

17.1  (329) 

3.6  (496) 

No 

130J  (168) 

94.3  (271) 

10.9  (337) 

3.6  (308) 

P'Value 

0.001 

<0.001 

<0.001 

0.926 

Anthracene 

n 

321 

742 

866 

803 

Exposure 

Mean  (n) 

Yes 

83.4  (1) 

83.4  (1) 

13.0  (1) 

40  (3) 

No 

180.3  (320) 

119.8(741) 

14.4  (863) 

3.6  (800) 

p- Value 

0,337 

0.704 

0.971 

0.832 

Arsenic 

n 

321 

741 

863 

803 

Exposure 

Mean  (a) 

Y«s 

136.0  (11) 

lOOJ  (18) 

119  (21) 

3.1  (13) 

No 

180.6  (310) 

120.4  (723) 

14.4  (844) 

3.6  (790) 

p>Value 

0-567 

0.426 

0.669 

0J37 

Benzene 

n 

321 

742 

866 

804 

ExpTiure 

Mean  (n) 

Yes 

226.2  (21) 

1616  (27) 

16.9  (33) 

3.7  ai) 

No 

178.3  (300) 

118.4(713) 

14.3  (833) 

3.6  (783) 

p-Value 

0.201 

0.089 

0J22 

0.893 

5-7 


KXsa. 


Table  S-L  (Continued) 

Rctationship  of  Covariates  to  Initiai  and  Current  Dioxin 


Variable 


Statistic 


Benzidine 

Exposure 


Qironiate  n 

Exposure  Mean  (n) 

Yes 
No 

P-Vaiue 
0 

Mean  (n) 
Yes 
No 

p-Value 
n 

Mean  (a) 
Yes 
No 

p- Value 

Aminodiphenyl  n 
Exposure  Mean  (n) 
Yes 
No 

p-Value 


Coal  Tar 
Exposure 


Creosote 

Exposure 


Chlreomethyi 

Etber 

Exposure 


n 

Mean  (n) 
Yes 
No 

p- Value 


Initial  Piorin  rRanch 


gunsniDiff^^in- 


127J  (5) 
180.6  (516) 
0.355 

519 


93.8  (7) 
120.0  (735) 
0.495 

739 


7-5  (9) 
(857) 

0.313 

863 


3.7  (9) 
3.6  (793) 
0.929 

804 


232.5  (36)  159.2  (47) 

176.6(483)  117.5  (692) 
0.057  0.034 


17.8  (55)  3,3  (39) 
14.2  (808)  3.6  (765) 
0.160  0-593 


321 


742 


866 


804 


137.0  (18)  121.7  (20) 

181,8(503)  119.7(722) 
0.158  0.940 


9.7  (27)  4.1  (27) 
14.6(839)  3.6  (777) 
0-207  0.459 


321 


742 


866 


804 


175.7  (47)  125.6  (62) 

180,4(474)  119.2  (680) 
0-837  0.683 


13.8  (76)  3.2  (63) 
14.4  (790)  3.6  (741) 
0.752  0.381 


321 

83J2  (2) 
ISOJ  (519) 
<0.001 

320 


742 

83.2  Q) 
119.9(740) 
<0.001 

740 


866 


802 


14.4  (2)  4.4  (4) 

14.4  (864)  3.6(798) 
0.998  0.649 


864 


804 


1^.3  (3)  63.4  (8) 

180.1  (517)  120-5  (732) 
0.648  0.070 


0.0  (10)  4.2  (II) 
14J(854)  3.6  (793) 
0.013  0J67 
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TABLE  5-L  (Continued) 

Reistionship  of  Covariates  to  Initial  and  Curmt  Dioxin 


Inloal  Dio?iin  fRancliHairfi) 

_ AUUmpJiOfl _  _ CmrentPioxin 

Ranch 

Variable _ Statistic _ hCnimal  Maximal  Hand  Comparison 


Mustard  Gas 

n 

321 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

126J  (3) 

126J  (3) 

10.2  (4) 

3.8  (4) 

No 

180.4  (518' 

119.7  (739) 

14.4  (862) 

3.6  (800) 

p-Value 

0.461 

0.923 

0.333 

0.633 

Naphthylamine  n 

521 

741 

865 

803 

Exposure 

Mean  (n) 

Yes 

219.1  (23) 

179.5  (26) 

19.9  (30) 

3.3  (20) 

No 

178.4  (498) 

118.2  (715) 

14.2  (833) 

3.6  (783) 

p-Value 

0J49 

0.028 

0.217 

0.759 

Cutting  Oils 

n 

321 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

174.1  (76) 

118.8  (107) 

13.9  (124) 

3.0  (102) 

No 

181.0  (445) 

119.9  (633) 

14.5  (742) 

3.7  (702) 

P'Value 

0.706 

0.924 

0.693 

0.076 

Trichloro¬ 

n 

518 

738 

862 

804 

ethylene 

Exposure 

Mean  (n) 

Yes 

207J  (57) 

142.4  (76) 

13  J  (91) 

3.3  (71) 

No 

176.7  (461) 

117.3  (662) 

14.2  a71) 

3.6  a33) 

p-Value 

0.170 

0.092 

0J47 

0.386 

Ultraviolet 

n 

321 

742 

866 

803 

Light 
(Not  Sun) 

Mean  (n) 

Yes 

142.7  (13) 

101.1  (18) 

13.8  (20) 

4.2  (17) 

Exposure 

No 

181.1  (508) 

120.3  (724) 

14.4  (846) 

3.6  (786) 

p-Value 

0.311 

0.445 

a808 

0.232 

Vinyl  QilcnJe 

n 

520 

741 

165 

803 

Exposure 

Mean  (n) 

Yes 

209.1  (10) 

144.1  (13) 

17.0  (13) 

4.1  (11) 

No 

179.3  (510) 

119.3  (728) 

14.3  (850) 

3.6  (792) 

p- Value 

0J68 

0.478 

0564 

0.363 
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Table  S-L  (Continued) 

Relationship  of  Covariates  to  IniUal  and  Current  Dioxin 


Variable 

Composite 

Carcinogen 

Exposure 


Statistic 

a 

Mean  (n) 
Yes 
No 

p-VaJue 


Personal  and  Family  Health 
Variables 

Cholesterol  n 
(continuous)  Correlation 
p-VaJue 


Cholesterol 

(mg/dl) 

(discrete) 


n 

Mean  (n) 

i200 

>200-230 
>230 
p- Value 


HDL  n 

(continuous)  Conelation 
p-Value 


HDL 

Oig/dl) 

(discrete) 


n 

Mean  (n) 
i40 
>40-50 
>50 

p-Value 


Cholesterol-  n 
HDL  Ratio  (jortelation 
(continuous)  p-VaJuc 


rniO’al  Dioxin  CRunch 

—  Assumption -  Cum-nf 

« ^  ,  R^ch 

_ Hand  Comparison 


192.9  (155)  134.2  (208) 
174.3  (360)  114.7  (523) 
0-209  0.045 


521 

0.054 

0.217 


168.4  (163) 
175.8  (177) 
195.6  (I8I) 
0.227 

521 

-0.074 

0.090 


182,7  (206) 
188.6  (173) 
166J  (142) 
0.400 

521 

0.078 

0.076 


742 

0.046 

OJ215 


112.0  (238) 
120.7  (244) 
126.4  (260) 
0.362 

742 

-0.142 

<0.001 


138.6  (261) 

121.7  (251) 
99.6  (230) 

<0.001 

742 

0.146 

<0.001 


16.4(236)  3.3  (179) 
13.6(619)  3.6(617) 
0.038  0.157 


866  g04 

0.051  0.046 

0.137  0.196 


13.0(287)  3.4  (281) 
15.2(275)  3.4(244) 
15.1  (304)  3.9  (279) 
0.175  0.139 


866 

•0.136 

<0.001 


804 

-0.099 

0.003 


17.5  (289)  3.9  (264) 

14.5  (294)  3.7  (294) 

11.6  (283)  3.1  (246) 

<0.001  0.008 

866  804 

0.148  0.109 

<0,001  0.002 
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TABLE  5>L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Variable 


Family  n 

ffiaiory  of  Mean  (n) 

Heart  Disease  Yes 
No 

P'Value 


176.9(125)  118.5(178) 
181.0  (396)  120.2  (564) 
0.793  0.867 


- Cuirent 

Ranch 

Hand  Comparison 
804 

13.9(208)  3.5  (177) 
14.6(658)  3.6  (627) 
0.591  0.765 


Family 
History  of 

n 

Mean  in) 

321 

742 

866 

804 

Hean  Disease  Yes 

Before  Age  50  No 

P'Value 

179.0  (17) 
180.0  (504) 
0.979 

106.5  (27) 
120.3  (715) 
0.515 

14.5  (30) 
14.4  (836) 
0.970 

2.3  (26) 
3.6  a78) 

0.134 

Other  Variables 

Education 

n 

Mean  (a) 

517 

737 

860 

799 

School 

CbTlege 

P'Value 

198.0  (322) 
133.4  (195) 

aool 

153.1  (395) 
89.8  (342) 
<0.001 

18.2  (448) 
11.1  (412) 
<0.001 

3.3  (400) 
3.7  (399) 
0.378 

Blood  Type 

n 

Mean  (n) 

519 

738 

861 

802 

A 

AB 

B 

0 

p-Value 

182.4  (224) 
171.9  (18) 

184.5  (54) 
177.3  (223) 
0.973 

125.0  (307) 
111.8  (27) 

128.3  (72) 

114.4  (332) 
0.593 

15.0  (351) 
14.6  (31) 
14.9  (87) 
13.8  (392) 
0.773 

3.6  (311) 

4.3  (24) 
3.8  (98) 

3.4  (369) 
0.469 

Preser  ce  of  n 

Pre-S)iA  Acne  Mean  (a) 

321 

742 

866 

804 

Yes 

No 

p-Value 

193.0  (53) 
178.6  (468) 
0.523 

133.6  (71) 
118.4  (671) 
0.309 

13.1  (88) 
14.3  (778) 
0.819 

2.8  (88) 

3.4  (716) 
0.246 

M2 


TABLE  5-L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Variable 

Statistic 

Initia!  Dioxin  (Ranch  Hands^ 

_ Assumndon _  _ Current  Dioxin _ 

Minunal 

Maximal 

Ranch 

Hand 

Comparison 

Penonallty 

n 

506 

717 

834 

769 

Type 

Mean  (n) 

Type  A 

173.9  (222) 

112J  (331) 

13.6(381)  3J(325) 

Types 

185J2  (284) 

128.3  (386) 

15.3  (453)  3.6  (444) 

p-Value 

0.401 

0.061 

ai48 

0.685 

^Blacks  axcludad. 
^Ethnic  Background  - 


A:  Eniliah,  Wetih,  Scomih.  of  Irish 

B:  Scaaduiaviait.  Ccrman,  Polish.  Ruuiaa.  Oumt  Slavic.  Jewish,  or  French 

C:  Spanish.  lulin.  or  Greek 

D:  Mesiesn.  Amancai  Indian,  or  Asian 

E:  Aftkan 

AB:  AorB 

CSE:  C.O,  orE. 


^omposiia  Sun  Reaction  ladsa  (horn  reaction  ol  skin  aJtar  at  least  2  houi*  sAar  &si  aaposum  and  reaction  of  skia 
after  repaaiad  eiposure)  >  (fi|h:  Bums  painAtlly  endi/or  freckles  with  no  tan 
Madiunr  Bums  andMr  tans  mildly 
Low;  All  ethar  reaetians. 

^Diabetic  Class  >  NomiaL'  <140  mg/dl  2-heur  postprandial  flucosa 

Impaitad:  2l40-<200  m(/dl  2-hotn  postprandial  |Iueose 

Oiahatie:  Verified  past  history  of  diabetes  or  ^2CX)  m|/dl  2-hour  postprandial  glucoso. 

^(otr  AO  means  espressed  in  pans  per  trillion  sttd  have  bsen  transformed  from  the  logstiihai  (besa  2)  icala. 
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Under  the  auniznal  assumption,  the  Black  and  non-Black  Ranch  Hand  categories  had 
significantly  difieienc  initial  dioxin  means  (134.5  ppt  versus  183  J  ppt,  p«0.01 1).  Under  the 
maximal  assumpdon,  the  inidai  dioxin  means  were  not  significantly  different  between  the  race 
categories  (p«0.701).  The  current  dioxin  means  were  also  not  significandy  different  between 
the  race  categories  for  all  Ranch  Hand  pardcipants  and  for  all  Comparisons  (Ranch  Hands, 
psO.904;  Comparisons,  p^Q2ZS). 

As  expected,  the  initial  dioxin  means  differed  significandy,  under  both  assumpdons, 
among  dxt  Ranch  Hands  who  served  as  officers,  enlisted  flyers,  and  enlisted  groundcrew 
(tnini^l,  p<0.(X)!;  maximal,  p<0.(X)l).  The  inidai  dioxin  means,  under  the  minimal 
assumpdon,  were  91.7  ppt  for  the  officers,  172.3  ppt  for  the  enlisted  flyers,  and  232. 1  ppt  for 
the  enlisted  groundcrew.  The  corresponding  means  under  die  maximal  assumpdon  were  61.4, 
134.7,  and  180J!  ppt,  respecdvely.  The  current  dioxin  means  also  difiered  significandy  for  all 
Ranch  Hands  (p^.cioi)  and  for  all  Comparisons  (p>0.0(>7).  However,  for  the  Ranch  Hands, 
the  enlisted  groundcrew  had  the  highest  current  dioxin  mean  (officen:  7.7  ppu  enlisted  flyei-s; 
16.3  ppt;  enlisted  groundcrew;  23.2  ppt),  whereas,  for  the  Comparisons,  the  officers  had  the 
highest  current  dioxin  mean  (officers;  4.0  ppt;  enlisted  flyers;  3.7  ppq  enlisted  groundcrew; 
3.2  ppt).  (See  Chapter  2,  Dioxin  Assay,  for  a  further  discussion  of  these  results.) 

DRINKING  HABITS 

Drinldog  habits  were  analyxed  on  the  basis  of  current  alcohol  use.  lifetime  alcohol 
history,  current  wine  use,  and  lifedme  wine  history. 

Under  the  minimal  assumpdon,  the  mean  inidai  dioxin  levels  for  Ranch  Hands  with 
current  alcohol  use  values  categorized  as  zero  to  one  drink  per  day,  over  one  but  no  more 
than  four  drinks  per  day,  and  over  four  drinks  per  day  were  marginally  significant  (p»O.05 1 ; 

(>■1  drink  per  day;  181.8  ppq  >1-4  drinks  per  day;  158.4  ppq  >4  drinks  per  day;  276.6  ppt). 
Under  the  roaxiinal  assumpdon,  the  mean  inidai  dioxin  levels  differed  significandy  (paO.(M9) 
with  corresponding  means  of  121.4  ppq  105.5  ppq  and  182.2  ppt  for  increasing  current  alcohol 
use  categories.  However,  when  current  alcohol  use  was  trea;ed  as  a  continuous  variable,  the 
coneladon  between  current  alcohol  use  and  inidai  dioxin  was  not  significant  under  both 
assumpdons  (minimal,  p^Q  J26;  maximal,  p«0.703). 

For  all  Ranch  Hand  pardcipants,  the  mean  current  dioxin  levels  did  not  differ 
significandy  among  the  current  alcohol  use  categories  (p>0.171).  The  differences  were 
marginally  significant  for  all  Comparisons  (p>0.100;  O-I  drink  per  day;  3.6  ppq  >1-4  drinks 
per  day;  3.2  ppq  >4  drinks  per  day:  4.5  ppt).  The  coneladon  between  current  alcohol  use, 
when  treated  as  a  continuous  variable,  and  cuirent  dioxin  was  nonsignificant  for  both  groups 
(Ranch  Hands,  p«0.255;  Comparisons,  p»0J23). 

Under  both  assumpdons,  mean  inidai  dioxin  levels  differed  significandy  among  Ranch 
Hands  who  had  lifetime  alcohol  history  values  of  0  drink-years,  over  0  but  no  more  than  40 
drink-years,  and  over  40  drink-yean  (minimal,  p-0.012;  maximal,  p«0.001).  (See  Chapter  7, 
Malignancy  Assessmenq  for  a  definidon  of  drink-years.)  Fur  these  iifedme  alcohol  history 
categories,  the  mean  inidai  dioxin  levels  for  the  minimal  cohort  were  233.7, 167 J,  and  192.8 
ppq  respecdvely.  F<x‘  the  maximal  cohorq  the  corresponding  mean  inidai  ^oxin  levels  were 
163.7, 110.1,  and  134  J  ppq  respecdvely.  Under  both  assumptions,  however,  the  correlation 
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between  Ufetuse  alcohol  history  and  initial  dioxin  was  not  signiiicanc  when  li/edme  alcohol 
history  was  created  as  a  continuous  variable  (minimal,  iM).318;  maximal,  p*0.12b). 

The  mean  ctorent  dioxin  levels  were  significantly  difTerent  among  the  lifetime  alcohol 
categories  for  all  Ranch  Hand  participants  (p«0.021).  The  current  dioxin  means  for  the 
categories  of  0  drink*year3,  over  0  but  no  more  than  40  drinlc*yean,  and  over  40  drink'  yean 
were  18.7, 13.4,  and  15.8  ppt  For  all  Comparisons,  the  dl/ferencus  in  the  mean  current  dioxin 
levels  were  not  significant  (p«4).810).  When  lifetime  alcohol  history  was  treated  as  a 
conUnuous  variable,  the  coireiadoo  tetween  lifetime  alcohol  history  and  current  dioxin  was 
nor  significant  for  both  groups  (Ranch  Hands,  p^.728:  Comparisons,  p^.894}. 

Under  both  the  minimal  and  maximal  assumptions,  the  mean  initial  dioxin  levels  differed 
significantly  between  Ranch  Hands  who  reported  they  did  not  drink  wine  and  Ranch  Hinds 
who  reported  they  drank  wine  at  the  time  of  the  1987  exandnatioa  (minimal,  p<0.001; 
maximal,  p<0.001).  The  mean  initial  dioxin  levels  for  the  minimal  cohort  were  197.2  ppt  for 
Ranch  Hands  with  zero  drinks  per  day  and  148.5  ppt  for  Ranch  Hands  with  more  than  zero  . 
drinks  per  day.  For  the  maximal  cohort,  (he  corresponding  mean  inidai  dioxin  levels  were 
139.9  ppt  and  92.1  ppt.  When  current  wine  use  was  treated  as  a  continuous  variable,  a 
significant  negadve  correlation  between  current  wine  use  and  inidai  dioxin  was  exhibited 
under  both  zssumpdons  (m'jumal,  p>0.0il;  maximal,  p«0.003). 

For  all  Ranch  Hand  t^ardcipants,  the  mean  current  dioxin  level  was  signiacantiy  higher 
for  Ranch  Hands  who  reported  they  did  not  drink  wine  than  for  Ranch  Hands  who  reported 
they  drank  wine  at  the  dme  of  the  1987  examinadon  (p<0.001).  The  current  dioxin  means 
were  ld.7  ppt  and  1 1.3  ppt  for  the  two  current  wine  use  strata  (Le^  0  drinks  per  day  and  >0 
drinks  per  day).  However,  the  cotreladon  between  current  wine  use,  when  treated  as  a 
continuous  variable,  and  current  dioxin  was  nonsignificant  for  all  Ranch  Hand  pardciparts 
(p«0.1 10).  For  all  Comparisons,  the  current  dioxin  means  did  not  differ  significantly  between 
the  two  current  wine  use  categories  (p«0.656).  The  cotreladon  between  current  wine  use 
and  cirrent  dioxin  was  also  nonsignificant  for  the  Comparisons  (p*4).853). 

The  mean  inidai  dioxin  levels  differed  signiflcandy  among  the  lifetime  wine  hismry 
categories  (0  drink-years,  >0-10  drink-yean,  and  >10  drink-yean)  under  both  ossumpdons 
(minimal,  p^.OCl;  maxitzul,  p<0.001).  U.ider  the  minimal  assumpdon,  the  mean  inidai  dioxin 
levels  were  207.4,  151.9,  and  1 17.9  ppt  for  the  lifetime  wine  history  categories  (0  drink*yean. 
>0-10  drink-yean,  and  >10  drink-yean).  Under  die  maximal  assumpdon,  the  corresponding 
means  were  1442,  97.1,  and  87  J  ppt,  respectively.  When  lil’eome  wine  history  was  created 
as  a  continuous  variable,  e  significant  negadve  correiadon  between  lifetime  wine  history  axid 
current  dioxin  was  exhibited  under  both  assumpdons  (minimal,  p<0.001;  maxintil,  p^.004). 

There  was  a  significant  difference  in  the  mean  current  dioxin  levels  for  all  Ranch  Hand 
participants  with  lifetime  wine  history  values  of  0  drink-years,  greater  than  0  but  no  more 
than  10  drink-years,  and  greater  than  10  drink-years  (pcO.OOl).  The  mean  current  dioxin 
levels  were  16.9,  11.8,  and  12.9  ppt  for  the  lifetime  wine  history  categories,  respectively.  For 
all  Ranch  Hand  participants,  tliere  was  a  marginaily  significant  negative  cotreladoa  between 
lifetime  wine  history,  when  treated  as  a  continuous  variable,  and  current  dioxii  (p»0.086). 

For  all  Clomparisons,  the  difference  in  mean  cturent  dioxin  levels  among  the  lifetime  wine 


history  categories  was  not  significant  (p^.432).  In  contrast  to  the  Ranch  Hands,  the 
correlation  between  lifetime  wine  history  and  ctorent  dioxin  was  positive,  but  nonsignificant 
for  all  Comparisons  (p=0.603). 

SMOKING  HABITS 

The  covariates  used  to  evaluate  smoking  habits  were  current  cigarette  smoking  and 
lifetime  cigarette  smoldng  history. 

Under  the  minimal  and  maximal  assumptions,  the  mean  initial  dioxin  levels  were  not 
significantly  difiemnt  for  Ranch  Hands  with  current  cigarette  smoldng  habits  categorized  as 
follows:  never  smoked,  formerly  smoked,  smoked  no  more  than  20  cigarettes  per  day,  and 
smoked  over  20  cigarettes  per  day  (minioul,  p»0.603:  maximal,  paiiO.208).  Similarly,  the 
mean  current  dioxin  levels  were  not  sigrificantly  different  among  the  defined  current  cigarette 
smoking  categories  for  ail  Ranch  Hand  participants  (p>0J87).  However,  for  all  Comparisons, 
there  was  a  significant  difference  in  the  mean  current  dioxin  levels  among  the  current 
cigarette  smoking  categories  (p<0.001).  The  mean  current  ciioxin  levels  were  4.3  ppt  for 
those  who  never  smoked,  3.3  ppt  for  those  who  formeriy  sir  okcd,  2.9  ppt  for  those  who 
smoked  no  more  than  20  cigarettes  per  day,  and  3.1  ppt  for  those  who  smoked  over  20 
cigarettes  per  day. 

When  current  cigarette  snoldng  was  treated  as  a  continuous  variable,  the  correlation 
between  initial  dioxin  and  cunent  cigarette  smoking  was  not  significant  under  both 
assumptions  (minimal,  pa0.73d;  maximal,  p*0.355).  However,  for  all  Ranch  Hand 
participants,  the  correlation  between  current  dioxin  and  curr -fit  cigarette  smoking  was 
significantly  negative  (p»0.049).  For  all  Comparisons,  thei  '  was  also  a  significant  negative 
association  between  current  dioxin  and  current  cigarene  smoking  (p»0.033). 

Mean  initial  dioxin  levels  were  compared  for  Ranch  Hf^nds  who  had  categorized  lifetime 
cigar  (te  smoking  history  values  of  0  pack-yean,  up  to  10  pack-yean,  and  over  10  pack* 
yean.  (See  Chapter  7  for  a  definition  of  pack-yean.)  Under  both  assumptions,  the  means 
were  not  significantly  different  (minimal,  p«0.749;  maximal,  p -<0.621).  In  addition,  mean 
current  dioxin  levels  also  did  not  differ  significantly  among  all  K-^nch  Hand  participants  for  the 
categorized  lifetime  dgarette  stroking  history  values  (p»0.297).  i^owever,  there  was  a 
significant  difference  in  mean  current  dioxin  levels  for  all  Comparisons  (p<0.001;  0  pack- 
years:  4.3  ppt;  >0-10  pack-yean:  2.9  ppq  >10  pack-years:  3.6  ppt). 

The  correlation  betweea  initial  dioxin  and  lifetime  dgarette  smoking,  when  treated  as  a 
continuous  variable,  was  not  significant  under  both  assumptions  (minimaJ,  p«O.I47;  maximal, 
p««0.783).  Likewise,  the  correlation  between  current  dioxin  and  lifetime  cigarette  smoking 
was  not  significant  for  all  Comparisons  (p*>0.7l9).  However,  for  all  Ranch  Hand  participants, 
there  was  a  significant  negative  correlation  between  current  dioxin  and  lifetime  cigarene 
smoldng  (jMl.OOti). 

SUN  EXPOSURE  CHARACTERISTICS 

The  following  covariates  characterize  sun  exposure  and  reaction  to  sun  exposure: 
average  lifetiine  residential  htitude,  ethnic  background,  sldn  color,  hair  color,  eye  color, 
reaction  of  skin  to  sun  after  zt  least  2  hours  of  exposure  after  first  exposure,  reaction  of  sldn 
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to  sun  after  repeated  exposure,  and  a  composite  sun<rcactioa  index.  These  variables  were 
candidate  covariates  for  the  skin  neoplasm  analyses.  Since  Blacks  were  excluded  in  the 
analyses  of  skin  neoplasms,  they  were  also  excluded  in  these  analyses. 

A  line  connecting  San  Francisco,  California,  and  Richmond,  Virginia,  approximates  37 
degrees  North  ladnide.  Pardcipanis  were  classihed  into  two  categories  depending  on 
whether  their  average  lifetime  residential  ladmde  was  above  or  below  37  degrees  North 
ladtude.  The  detenninadon  of  each  participant’s  average  lifetime  residential  latitude  is 
discussed  in  Chapter  7.  Under  both  ^e  minimal  and  maximal  assumptions,  the  initial  dioxin 
means  did  not  dilTer  significantly  between  Ranch  Hands  who  resided  in  the  northern  latitudes 
(2:37*  N.  ladtude)  and  those  who  resided  in  the  southern  ladtudcs  (<37*  N.  ladtude) 
(minimal,  p«0.128:  maximal,  p«0.247).  The  current  dioxin  means  alM  did  not  differ 
significanUy  between  the  nor^  and  the  south  for  all  Ranch  Hand  participants  (p^.39ti)  and 
for  all  Comparisons  (iM}.786). 

For  this  study,  ethnic  background  was  divided  into  five  categories  (A:  English,  Welsh, 
Scottish,  or  Irish;  B:  Scandinavian,  German.  Polish.  Russian,  Other  Slavic,  Jewish,  or  French; 
C;  Spanish,  Italian,  or  Greek;  D:  Mexican.  American  Indian,  or  Asian;  E;  African).  These 
five  categories  were  combined  into  two  categones  for  this  analysis  (A  and  B  in  one  category; 
C,  D,  and  E  in  the  other).  Under  the  minimal  assumption,  there  was  a  significant  difference  in 
the  mean  initial  dioxin  levels  between  tnese  two  categories  (p«G.022;  AB:  179.8  ppt,  CDE: 
260.4  ppt).  The  mean  initial  dioxin  levels  also  differed  significandy  under  the  maximal 
assumption  (peO.OOl;  AB;  1 16.3  ppt;  CDE:  214.8  ppt).  For  all  Ranch  Hand  participants 
there  was  a  significant  difference  in  the  mean  current  dioxin  levels  (p<0.001;  AB:  14.0  ppt; 
CDE:  29.1  ppt),  but.  for  all  Comparisons,  the  difference  in  the  current  dioxin  means  was  not 
significant  (p«0.1 13).  For  the  Ranch  Hands,  the  current  dioxin  mean  was  greater  for  the 
CDE  category,  whereas,  for  the  Comparisons,  the  AB  category  had  the  larger  currenl  dioxin 
mean. 


There  were  no  significant  differences,  under  cither  assumption,  in  the  mean  initial  dioxin 
levels  between  Ranch  Hands  with  skin  color  categorized  as  peach  and  those  whose  skin 
color  was  not  peach  (minimal.  p=>0.952;  maximal,  p«0.293).  The  difference  in  the  mean 
current  dioxin  levels  was  nonsignificant  for  all  Ranch  Hand  participants  (p*0.334)  and  for  ail 
Comparisons  (paO.382). 

Under  both  assumptions,  the  initial  dioxin  means  were  significantly  different  between 
Ranch  Hands  with  black  or  dark  brown  hair  and  other  Ranch  Hands  (minimal,  p*0.008; 
maximal,  p*>0.(X)3).  The  means,  under  the  trunimal  assumption,  were  196.7  ppt  for  black  or 
dark  brown  hair  and  138.4  ppt  for  other  hair  colors.  Under  the  maximal  assumption,  the 
corresponding  means  were  129.0  and  104  J  ppt  The  difference  in  the  current  dioxin  means 
was  significant  for  all  Ranch  Hand  participants  (p>>0.004).  but  not  for  all  Comparisons 
(p>^.486).  For  the  Ranch  Hands,  the  current  dioxin  means  were  13.7  ppt  (black/dark  brown) 
and  12.2  ppt  (other);  whereas,  for  the  Comparisons,  the  current  dioxin  mean  was  lower  for 
the  black/dark  brown  hair  category  than  for  the  other  category. 

No  significant  association  was  found  between  eye  color  and  initial  dioxin  under  the 
minimal  assumption  (p-0. 101).  However,  under  the  maximal  assumption,  there  was  a 
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margiiully  significant  difference  in  the  initial  dioxin  means  among  the  eye  color  categories  of 
bcx>^  bazel/green,  and  grey/blue  (p*>0  097).  The  initial  dioxin  means  were  135.4, 113  and 
114.4  ppt,  respectively.  For  all  ILmch  Hand  participants,  the  associadoo  between  eye  color 
and  current  dioxin  was  nonsignificant  (p>0.103).  There  was,  however,  a  marginally 
significant  association  for  all  Comparisons  (p>4}.072).  The  current  dioxin  means  for  the 
Comparisons  were  3.4,  3.4,  and  3.9  ppt  for  the  brown,  hazel/grcen,  and  grey/blue  categones. 

The  reaction  of  one’s  skin  after  at  least  2  hours  of  exposure  to  the  sun,  after  the  first 
exposure,  was  not  significantly  associated  widt  initial  dioxin  under  either  assumption 
(minimal,  p«0.720;  maximal,  p-0.995).  There  was  also  no  significant  association  with  current 
^oxin  for  all  Ranch  Hand  participants  (p«0.997).  For  all  Comparisons,  however,  there  was  a 
marginally  significant  difference  in  the  current  dioxin  means  among  the  sJdn  reaction 
categories  (paiO.062).  The  means  were  3.5  ppt  for  Comparisons  who  reporred  they 
experienced  no  reaction,  3.5  ppt  for  those  who  became  3.7  ppt  for  those  who  burned,  and 
5.0  ppt  for  those  who  burned  painfully. 

The  reaction  of  one’s  skin,  after  repeated  exposure  to  the  sun.  was  not  significantly 
associated  with  inidaJ  dioxin  under  the  minimal  assumption  (p»0.565).  However,  under  the 
maximal  assumpdon,  there  was  a  marginally  significant  association  (p*O.094).  The  initial 
dioxin  means  were  118.2  ppt  for  those  who  reported  they  tanned  deep  brown,  1 13.8  ppt  for 
those  who  tanned  moderately,  149.4  ppt  for  those  who  tanned  mildly,  artd  138.1  ppt  for  those 
who  freckled  with  no  un.  For  all  Ra^h  Hand  participants,  there  was  no  significant 
association  between  current  dioxin  and  skin  reaction  to  repeated  sun  exposure  (p>0.507). 

For  all  Comparisons,  however,  the  difTerences  in  the  current  dioxin  means  among  the  skin 
reaction  categories  (tanned  deep  brown,  tanned  Rwdemely.  tanned  mildly,  and  heckled  with 
no  tan)  were  marginally  significant  (paO.088).  The  current  dioxin  means  were  3.4, 3.8, 3.4, 
and  5.6  ppt,  respectively. 

A  composite  sun-reaction  index  was  formed  from  the  two  sldn  reaction  measures  and 
categorized  as  follows:  high  (burns  painfully  and/or  freckles  with  no  tan),  medium  (burns 
and/or  tans  mildly),  and  low  (all  other  reactions).  The  mean  initial  dioxin  levels  for  these 
categories  did  not  differ  significantly  under  both  the  minimal  and  the  maximal  assumptions 
(minimal,  p«0.764;  maximal,  p>0.319).  There  were  also  no  significant  differences  in  the  mean 
current  dioxin  levels  for  ail  Ranch  Hand  participants  (p4).496).  However,  for  all 
Comparisons,  the  current  dioxin  means  differed  signiHcantly  (p»0.(X)8)  with  means  of  3.5, 3.4, 
and  5.1  ppt  for  the  low,  medium,  and  high  sun  reaction  categories. 

EXPOSURE  TO  CARCINOGENS 

Information  was  gathered  on  each  participant’s  exposure  to  21  different  carcinogens. 
(See  Chapter  7  for  a  discussion  of  these  carcinogens.)  These  carcinogens  were  divided  into 
two  sets.  The  first  set  consisted  of  asbestos,  ioniring  radiation,  industrial  chemicals, 
herbicides,  insecticides,  and  degreasing  chemicals.  The  other  set  contained  anthracene, 
arsenic,  benzene,  benzidine,  chromate,  coal  tar.  creosote,  aminodiphenyl,  chloromethyl  ether, 
mustard  gas,  naphthylamine,  cutting  oils,  trichloroethylene,  ultraviolet  light,  and  vinyl 
chloride.  A  composite  carcinogen  exposure  variable  was  created  from  the  second  set  The 
rtspOTse  was  coded  as  “yes’’  if  the  individual  had  been  exposed  to  any  of  the  15 
carcinogens. 
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The  mean  initial  dioxin  levels  did  not  differ  between  dtose  Ranch  Hands  who  had  been 
exposed  to  ionizing  radiadoo  and  those  who  had  not  been  exposed  (nunimal,  p^.l  18; 
maximal,  paO.626).  There  was  also  no  dgnificant  di^erence  in  the  current  dioxin  means  for  all 
Ormpaiisons  (p^.833).  However,  for  ail  Ranch  Hands,  there  wu  a  marginally  significant 
difference  in  the  current  dioxin  mearts  between  those  who  had  been  expo^  to  ionizing 
radiadon  and  those  who  had  not  been  exposed  (p^.070;  exposed:  12.3  ppt,  not  exposed: 

13.0  ppt). 

Under  both  the  minimal  and  maximal  assumpdons.  Ranch  Hands  who  had  been  exposed 
to  industrial  chemicals  had  a  significandy  higher  mean  initial  dioxin  level  than  those  who  had 
not  been  exposed  (minimal,  p^}.003;  maximal,  p<0.001).  Under  die  minimal  assumpdon,  the 
mean  initial  dioxin  levels  were  196.8  ppt  for  those  who  had  been  exposed  and  137.8  ppt  for 
those  who  had  not  been  exposed.  Under  the  maximal  assumpdon,  the  means  were  138.8  ppt 
and  100.0  ppt  Ranch  Hand  participants  who  had  been  expo^  to  industrial  chemicals  also 
had  a  higher  mean  current  dioxin  level  than  those  who  had  not  been  exposed  (p<0.001; 
exposed;  16.6  ppq  not  exposed:  12.1  ppt).  There  was  also  a  significant  diffeience  for  all 
Comparisons  (p^.043),  but  the  exposed  category  had  a  lower  cunent  dioxin  level  mean  than 
the  nonexposed  category  (exposed:  3.4  ppq  not  exposed:  3.8  ppt). 

Under  the  minimal  assumption,  there  was  a  marginally  significant  difference  in  the  mean 
initial  dioxin  levels  between  Ranch  Hands  who  had  been  exposed  to  insecticides  and  those 
who  had  not  been  exposed  (173.0  ppt  versus  200 J  ppq  p^.074).  Under  the  tnaximal 
assumption,  the  difference  was  not  significant  (p*0.4S4).  For  all  Ranch  Hand  participants 
and  for  all  Comparisons,  the  mean  current  dioxin  levels  did  not  differ  between  the  two 
insecticide  exposure  categories  (Ranch  Hands,  p*CJ9I;  Comparisons,  p«O.430). 

Under  both  assumptions,  the  Ranch  Hands  who  reported  being  exposed  to  degreasing 
chemicals  had  a  higher  mean  initial  dioxin  level  than  those  who  had  not  been  exposed 
(minimal,  p«0.001;  maximal,  p<0.001}.  The  means,  under  the  minimal  assumpdon,  were 
196.0  ppt  for  chose  who  had  b^n  exposed  and  130.3  ppt  for  those  who  had  not  been  exposed. 
Under  the  maximal  assumption,  the  corresponding  means  were  137.3  ppt  and  94.3  ppq 
respectively.  The  mean  current  dioxin  level  was  also  higher  for  all  Ranch  Hand  participants 
who  reponed  exposure  to  degreasing  chemicals  than  for  those  who  reported  no  exposure 
(17.1  ppt  versus  10.9  ppq  p<0.001).  For  all  Comparuons,  the  difference  was  nonagnificant 
(p-0.926). 

For  the  other  two  caieinogens  in  the  fint  set  (asbestos  and  herbicides),  no  significant 
differences  in  the  initial  dioxin  means  were  found  between  the  exposed  category  and  the 
nonexposed  category,  under  both  assumptions.  There  were  also  no  sipificant  differencer  in 
the  cunent  dioxin  means  for  all  Ranch  Hands  and  all  Ccmparisoos  (see  Table  3-1  for  the 
associated  significance  probabilities). 

There  was  no  sipificant  difference,  under  the  minimai  assumptioiq  between  the  initial 
dioxin  mean  for  chose  who  had  been  exposed  to  benzene  and  the  initial  di'.'-in  mean  for  those 
who  had  not  been  exposed  (p«4.20I).  However,  under  the  maximal  assumptic'?  those  who 
had  been  exposed  to  benzene  had  a  marginally  higher  initial  dioxin  mean  than  those:  .vho  had 
not  been  exposed  (162.6  ppt  versus  1 18.4  ppq  paiO.089).  The  current  dioxin  means  did  not 
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differ  significantly  for  all  Ranch  Hand  participants  and  for  all  Comparisons  (Ranch  Hands, 
p*0^22;  Comparisons,  paO.893). 

Ranch  Hands  who  had  been  exposed  to  chromate  had  a  marginally  higher  initial  dioxin 
mean,  under  the  minimal  assumpdon,  and  a  significandy  higher  initial  doxin  mean,  under  the 
matimal  assumpdon,  than  those  who  had  not  been  exposed  (mi’nimal,  p«0.057;  maximal, 
PbO.034).  The  means  under  the  minimal  assumpdon  were  232J  ppt  for  the  exposed  category 
and  176.6  ppt  for  the  nonexposed  category.  Un^r  the  maximal  assumpdon,  the 
conesponding  means  were  139.2  ppt  and  117J  ppt,  respecdvely.  For  all  Ranch  Hand 
panicipants  ^  for  all  Comparisons,  the  current  dioxin  means  "ot  differ  significandy 
(Ranch  Hands,  p*O.160;  Comparisons,  p*CJ93). 

The  mean  inidal  dioxin  levels  differed  significandy  between  Ranch  Hands  who  had  been 
exposed  to  aminodiphenyl  and  those  who  had  not  been  exposed,  under  both  assumpdons 
(minimal,  p<0.001;  maximal,  p<0.(X)l).  Those  who  had  been  exposed  had  a  lower  mean  than 
those  who  had  not  been  exposed  (minimal,  83.2  ppt  venus  180.5  ppq  maximal,  83.2  ppt 
versus  1 19.9  ppt).  For  all  Ranch  Hand  participants  and  for  all  Comparisons,  the  mean  current 
dioxin  levels  did  not  differ  significandy  (Ranch  Hands,  p*0.998;  Comparisons,  p=0.649). 
However,  there  were  only  two  Ranch  Hand  participants  and  four  Comparisons  who  had  been 
exposed  to  aminodiphenyl. 

Under  the  minimal  assumpdon,  there  was  no  significant  difference  between  the  inidal 
dioxin  mean  for  Ranch  Hands  who  had  been  exposed  to  chloromethyl  ether  and  the  mean  for 
those  who  had  not  been  exposed  (psO.648).  Under  the  maximal  assumpdon,  the  difference 
was  marginally  significant  (p«0.070).  The  means  were  65.4  ppt  for  those  who  reported  being 
exposed  to  chloromethyl  ether  and  120.5  ppt  for  those  who  reported  no  exposure.  There 
were,  however,  only  three  Ranch  Hands  in  the  minimal  cohort  and  eight  in  the  maximal  cohort 
who  had  been  exposed  to  chloromethyl  ether.  The  current  dioxin  means  for  the  two  exposure 
categories  did  not  differ  significandy  for  ail  Comparisons  (psO.267),  but  did  differ  significandy 
for  all  Ranch  Hand  participants  (p>0.015;  expos^;  6.0  ppt,  not  exposed:  14 J  ppt}. 

Under  the  maximal  assumpdon,  the  mean  initial  dioxin  level  for  those  Ranch  Hands  who 
had  been  exposed  to  naphthylamine  was  signiricandy  higher  than  for  those  who  had  not  been 
exposed  (179.5  ppt  venus  1 18.2  ppt;  p»0.028).  The  di^erence  was  not  significant  under  the 
minimal  assumpdon  (p«>0.249).  For  all  Ranch  Hand  participants  and  for  all  Comparisons, 
there  was  no  significant  difference  between  the  naphthylamine  exposure  categories  (R^nch 
Hands,  pa<}J17;  Comparisons,  p^.759). 

Under  both  assumptions,  there  was  no  significant  difference  in  the  initial  dioxin  means 
for  Ranch  Hands  who  were  exposed  to  cutting  oUs  and  those  who  were  not  (minimal, 
p^.706;  maximal,  p*0.924).  There  was  also  no  significant  difference  in  the  current  dioxin 
means  for  all  Ranch  Hand  panicipants  (p*»0.693).  For  all  Comparisons,  however,  the  current 
dioxin  mean  was  marginally  lower  for  those  who  had  been  expe^  to  cutting  oils  than  for 
those  who  had  not  been  exposed  (3.0  ppt  venus  3.7  ppe  p*0.076). 

Ranch  Hands  in  the  maximal  cohon  who  had  been  exposed  to  trichloroethylene  had  a 
marginally  higher  inidal  dioxin  mean  than  those  who  had  not  been  exposed  (142.4  ppt  versus 
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117J  ppt;  p=0.092).  The  difference  was  not  significant  under  the  minimal  assumption 
(paO.170).  There  was  also  no  significant  difference  in  the  current  dioxin  means  for  all  Ranch 
Hand  participants  and  for  all  Comparisons  (Ranch  Hands,  p^J47;  Comparisons,  p«0.386). 

With  respect  to  the  remaining  carcinogens  in  the  second  set  (anthracene,  arsenic, 
bensddine,  coal  tar,  creosote,  mustard  gas.  ultraviolet  light,  and  vinyl  chloride),  the  inidal 
dioxin  means  did  not  differ  significantly  between  the  exposed  and  nonexposed  categories. 
Similarly,  for  all  Ranch  Hand  participants  and  all  Comparisocs,  the  current  dioxin  means  were 
not  significantly  different  between  the  exposed  and  nonexposed  categories.  Table  5<1 
presents  the  associated  significance  probabilides. 

For  the  composite  carcinogen  exposure  variable,  under  the  minimal  assumpdon,  there 
was  no  significant  difference  between  the  inidal  dioxin  mean  of  the  exposed  categtxy  and  the 
inidal  dioxin  mean  of  the  nonexposed  category  (p-0.209).  Under  the  maximal  assumpdon, 
those  Ranch  Hands  who  had  been  expojcd  to  any  of  the  carcinogens  in  the  second  set  had  a 
significandy  higher  inidal  dioxin  mean  than  those  who  had  not  been  exposed  (134.2  ppt 
versus  1 14.7  ppt;  psO.042).  The  mean  current  dioxin  level  was  also  significantly  higher  for  ail 
Ranch  Hands  who  had  been  exposed,  as  compared  to  those  who  had  not  been  exposed  (16.4 
ppt  versus  13.6  ppt;  psO.038).  In  contrast,  for  ail  Comparisons,  those  who  had  not  been 
exposed  to  any  of  the  carcinogens  had  a  higher  current  dioxin  mean  (3.6  ppt)  than  those  who 
had  been  exposed  (3.3  ppt),  but  the  difference  was  not  significant  (p^.l57). 

PERSONAL  AND  FAMILY  HEALTH 

The  personal  health  covariates  used  in  this  study  ’vere  cholesterol,  high-density 
lipoprotein  (HDL),  cholesterol-HDL  rado.  diabedc  class,  differential  cortisol  response,  and 
percent  body  fat  Family  health  was  also  taken  into  account  by  means  of  family  history  of 
hean  disease  and  family  history  of  hean  disease  before  the  age  of  50.  No  participants  were 
excluded  from  the  association  analyses  for  these  variables. 

The  correlation  berween  cholesterol  and  inidal  dioxin  was  not  significant  under  either 
assumpdon  (minimaJ,  p=0.217;  maximal,  p=0.215).  The  differences  in  the  inidal  dioxin  means 
for  the  three  cholesterol  categories  Cs200  mg/dJ;  >200-230  mg/dl;  >230  mg/dl)  were  also 
nonsignificant  under  both  assumptions  (minimal,  psO.227;  maximal,  p>OJ62).  For  all  Ranch 
Hand  participants  and  for  all  Comparisons,  the  correlation  between  current  dioxin  and 
cholesterol  was  not  significant  (Ranch  Hands,  p»0.137;  Comparisons,  p»0.196).  The  current 
dioxin  means  also  did  not  differ  significantly  among  the  cholesterol  categories  (Ranch  Hands, 
p*K).175;  Comparisons,  p=0.139). 


Under  the  minimal  assumpdon,  there  was  a  marginally  significant  negative  conelation 
between  HDL  and  initial  dioxin  (p=0.090).  However,  the  initial  dioxin  means  for  the  three 
HDL  categories  (£40  mg/dl;  >40-50  mg/dl;  >50  mg/dl)  did  not  difier  significandy  (paO.400). 
Under  the  maximal  assumption,  there  was  a  significant  negative  correlation  between  HDL 
and  initial  dioxin  (p<0.001),  and  the  differences  in  the  initial  dioxin  means  among  the  HDL 
categories  was  also  significant  (pcO.OOl;  <40  mg/dl:  138.6  ppc  >40-50  mg/dl:  121.7  ppt; 
>50  mg/dl;  99.6  ppt).  The  correlation  between  current  dioxin  and  HDL  was  significant  for  all 
Ranch  Hand  participants  (p<0.001)  and  for  ail  Comparisons  (p^.(X)5).  The  mean  current 
dioxin  levels  also  differed  significantly  among  the  HDL  categories  for  both  groups  (Ranch 
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Hands,  p<0.001;  Comparisons,  peO.008).  For  all  Ranch  Hand  participants,  the  means  were 
17.5, 14.5,  and  11.6  ppt  for  the  HDL  categories  (^40  mg/dl,  >40-50  mg/dl,  and  >50  nig/di). 
for  all  Comparisons,  the  corresponding  means  were  3.9, 3.7,  and  3.1  ppt,  respecdvely. 

The  results  for  the  cholesterol-HDL  ratio  were  similar,  but  in  the  opposite  direction,  to 
the  HDL  results.  Under  the  minimal  assumption,  there  was  a  marginally  signiricant  positive 
correladon  between  initial  dioxin  and  the  choIestcxol-HDL  rado  (psO.076),  but  the  inidal 
dioxin  means  did  not  differ  signiricandy  among  the  cholesterol-HDL  categories  (psO.104). 
Under  the  maximal  assumpdon,  there  was  a  signiricant  comladon  between  inidal  dioxin  and 
the  cholesterol-HDL  rado  (p<0.001)  and  there  was  a  significant  difference  in  the  inidal  dioxin 
means  (pcO.OOl;  £4.2:  97.0  ppt;  >4.2-5.5:  124J  ppt;  >5  139.3  ppt).  For  all  Ranch  Hand 

participants  and  for  all  Comparisons,  there  was  a  significant  posidve  correladon  between 
current  dioxin  and  the  cholesterol-HDL  rado  (Ranch  Hands,  p<0.001;  Comparisons, 
p«0.002).  The  current  dioxin  means  for  the  cholesterol-HDL  categories  also  differed 
significandy  for  both  groups  (Ranch  Hands,  p<0.C01;  Comparisons,  p>0.(X)l).  For  the 
cholesterol-HDL  ratio  categories  (£4.2,  >4.2-5.5,  and  >5.5),  the  current  dioxin  means  were 
1 1.3,  15.2,  and  17.2  ppt  for  the  Ranch  Hands  and  i.0, 3.9,  and  3.9  ppt  for  the  Comparisons. 

Under  the  minimal  assumpdon,  there  was  a  marginally  significant  difference  in  the  mean 
initial  dioxin  levels  for  Ranch  Hands  classified  as  normal,  impaired,  and  diabetic  (p=0.09S). 
The  mean  inidal  dioxin  levels  were  174.4, 176.2,  and  221.9  ppt  for  the  normal,  impaired,  and 
diabetic  classes.  Under  the  maximal  assumpdon,  the  mean  inidal  dioxin  levels  differed 
significandy  among  the  three  diabetic  classes  (pa^.OOl;  normal:  112.8  ppt;  impaired:  123.7 
ppt;  diabetic:  169.9  ppt). 

For  all  Ranch  Hand  participants,  a  signiricant  difference  in  the  mean  current  dioxin  levels 
was  exhibited  among  the  three  diabetic  classes  (paO.OOl).  The  means  were  13.5,  14.8,  and 
21.9  ppt  for  the  normal,  impaired,  and  diabetic  classifications.  For  all  Comparisons,  there  was 
also  a  significant  difference  in  the  mean  cunent  dioxin  levels  for  the  three  diabetic  classes 
(p®*0.028).  The  means  were  3.4,  4.0,  and  4.5  ppt,  respectively. 


The  correlation  between  initial  dioxin  and  difTerential  cortisol  response  was  noi 
significant  under  either  the  minimal  or  maximal  assumptions  (minimal,  psO.583;  maximal, 
p«0.112).  However,  the  differences  in  the  initial  dioxin  means  among  the  differential  cortisol 
response  cate^es  (sO.6  pg/dl;  >0.6-4.0  pg/dl;  >4,0  dg/dl)  were  marginally  significanc 
under  the  minimal  assumption  (p«0.056)  and  signiricant  under  the  maximal  assumption 
(paO.007).  The  initial  dioxin  means  were  191.7, 139.0,  and  155.5  ppt  under  the  minimal 
assumption  and  132.0, 127 J,  and  101.4  ppt  under  the  maximal  assumption.  For  all  Ranch 
Hand  participants,  there  was  a  significant  negative  correlation  between  current  dioxin  and 
differential  cortisol  response  (p«0.027)  and  a  significant  difference  in  the  current  dioxin  means 
among  the  differential  cortisol  response  categories  (p<0.001;  £0.6  ptg/dl:  15.7  ppt;  >0.6-4.0 
Itg/dl:  16.4  ppt;  >4.0  ng/dl:  1 1.5  ppt).  For  all  Comparisons,  neither  the  correliion  between 
current  dioxin  and  differential  cortisol  response  (p30.152)  nor  the  difference  in  the  current 
dioxin  means  among  the  differential  cortisol  response  categories  (p=>0.315)  was  significant 

Percent  body  fat  and  initial  dioxin  exhibited  a  significant  positive  correlation  under  both 
assumptions  (minimal,  pcO.OOl;  maximal,  p<0.noi).  There  was  also  a  significant  positive 
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concladon  between  percent  body  fat  and  current  dioxin  for  all  Ranch  Hand  pardcipants  and  for 
all  Comparisons  (Ranch  Hands.  p<0.(X}I;  Comparisons,  p^HX)I). 

Under  both  the  minimal  and  maximal  assumptions.  Ranch  Hands  who  had  been 
classified  as  obese  had  a  significantly  higher  mean  initial  dbxiB  level  than  those  who  had 
been  classified  as  normal  or  lean  (minimal,  p^O.OlS;  maximal.  p<0.001).  The  means,  under 
the  minimal  assumption,  were  21 1.4  ppt  for  the  obese  categoiy  and  170.4  ppt  for  the 
noimal/lean  categoiy.  Under  the  maximal  assumption,  the  cooespocding  means  were  161.1 
ppt  and  1  lOJ  ppt,  respectively.  Similarly,  for  current  ^'oxin  levels,  all  Ranch  Hands  who  had 
been  classified  as  obese  had  a  higher  mean  current  dioxin  levd  than  those  who  had  been 
classified  as  normal  or  lean  (p<0.001;  obese:  22.4  ppc  notmal/lean:  12.9  ppt).  The  mean 
current  dioxin  level  for  all  Comparisons  who  had  bMn  classified  as  obese  was  also  higher 
than  the  mean  for  all  Comparisons  who  had  been  classified  au  noimal  or  lean  (p<0.001; 
obese:  4.4  ppt;  noimal/Iean:  3.3  ppt). 


Under  both  the  minimal  and  the  maximal  assumptions,  there  was  no  significant 
association  between  initial  dioxin  and  either  family  history  of  hean  disease  (minimal, 
p=0.793:  maximal.  p®0.S67)  or  family  history  of  heart  disease  before  the  age  of  50  (minimal, 
p=0.979;  maximal,  p=0.515).  For  all  Ranch  Hand  participants  and  for  all  Comparisons,  the 
association  with  current  dioxin  was  also  nonsignificant  for  family  history  of  heart  disease 
(Ranch  Hands,  p30.J91:  Comparisons,  p30.765)  and  for  family  ^toiy  of  hean  disease  before 
the  age  of  50  (Ranch  Hamds,  p»0.970;  Comparisons,  p«0.134j. 

OTHER  CHARACTERISTICS 

The  relationship  with  initial  and  current  dioxin  was  also  examined  for  education,  blood 
type,  presence  of  pre-Southeast  Asia  (SEA)  acne,  and  personality  type. 

Ranch  Hands  with  only  a  high  school  education  had  a  significantly  higher  mean  initial 
dioxin  level  than  those  with  a  college  education,  under  both  assumptions  (minimal,  p«0.001; 
maximal,  p<0.001).  Under  the  minimai  assumption,  the  means  were  198.0  ppt  and  153.4  ppt 
for  the  hi^  school  and  college  categories.  Under  the  maximal  assumption,  the  means  were 
153.1  ppt  and  89.8  ppt,  respectively.  The  mean  current  dioxin  level  for  all  Ranch  Hand 
participants  with  only  a  high  school  education  was  signiiicandy  greater  than  the  mean  for  all 
Ranch  Hand  participants  with  a  college  education  (182  ppt  venus  11. 1  ppt;  pcO.OOl).  For  ail 
Comparisons,  the  college  graduates  had  a  larger  current  dioxin  mean  than  those  with  (inly  a 
high  sch<x}l  educatiofl,  but  the  difference  was  not  significant  (p«OJ78). 


No  significant  difi'erences  in  the  mean  initial  dioxin  levels  were  found  among  the  four 
blood  types  (A,  B,  AB,  and  O)  under  either  the  minimal  or  the  marimal  assiunption  (minimal, 
p«0.973;  maximal,  p»0  J93).  For  all  Ranch  Hand  participants  and  for  all  Comparisons  the 
differences  in  the  mean  current  dioxin  levels  among  the  four  blood  types  were  also 
nonsignificant  (Ranch  Hands,  p=»0.773;  Comparisons,  p^.469). 

Under  the  minimai  and  maximal  assumptions,  the  initial  dioxin  mean  for  the  Ranch 
Hands  with  acne  prior  to  rheir  first  SEA  tour  was  not  significantly  diffesrnt  from  the  mean  for 
those  without  acne  befeve  their  first  SEA  tour  (minimal,  p^OJTS;  maximal,  p«0.309).  The 
current  dioxin  means  also  did  not  difier  significantly  between  the  Ranch  Hand  participants 


3-23 


with  pre-SEA  acne  and  those  without  (p=s0.819)  nor  between  the  Comparisons  with  and 
without  pre-SEA  acne  (ps0^4d). 

Under  the  minimal  assumpdon,  the  mean  initial  dioxin  levels  for  individuals  classified  as 
either  type  A  or  type  B  (by  the  Jenkins  Acdvity  Survey  administered  at  the  1985  followup 
examinadon)  were  not  sigTiificandy  different  (paO.401).  However,  under  the  maximal 
assumpdon,  the  mean  inidal  dioxin  levels  for  Ranch  Hands  classified  as  type  A  (112J  ppt) 
and  Ranch  Hands  classified  as  type  B  (128.3  ppt)  were  marginally  different  (p>^.061).  For 
all  Ranch  Hand  participants,  the  difference  in  the  mean  current  dioxin  levels  between  type  A 
and  type  B  individuals  was  not  significant  (pa<0.148).  For  all  Ck>mpariscMis,  there  was  also  no 
significant  difference  in  the  mean  current  dioxin  levels  (p*0.685). 

SUMMARY 

Among  the  matching  variables,  age  and  occupation  exhibited  a  significant  association 
with  dioxin  in  one  direction  for  Ranch  Hands  and  in  the  opposite  diiecdon  for  Comparisons. 
Age  had  a  negative  correlation  with  initial  dioxin  for  Ranch  Hands  under  the  minimal  and 
miutimal  assumptions  and  a  negative  correlation  with  current  dioxin  for  all  Ranch  Hands; 
whereas,  for  all  Comparisons,  age  and  current  dioxin  were  positively  correlated.  In  the 
analysis  of  occupation,  the  dioxin  means  were  greatest  for  Ranch  Hands  in  the  enlisted 
groundcrew,  but  for  Comparisons,  the  officers  had  the  greater  dioxin  means,  although  ail 
Comparison  means  were  below  generally  accepted  background  levels  (10  ppt). 

For  most  of  the  alcohol  variables,  a  significant  association  was  exhibited  witii  initial 
dioxin  for  the  minimal  and  maximal  cohorts,  and  with  current  dioxin  for  all  Ranch  Hands. 
However,  for  all  Comparisons,  the  association  with  current  dioxin  was  not  significant  For 
Ranch  Hands,  the  correlations  between  alcohol  use  and  dioxin,  when  significant,  tended  to  be 
negative. 

For  both  smoking  variables  (curre.it  cigarette  smoking  and  lifetime  cigarette  smoking 
history),  the  current  dioxin  means  differed  significantly  among  the  smoking  categories  for  ail 
Comparisons.  In  both  cases  the  correlation  between  smoking  and  rdoxin  was  negative.  In 
contrast  for  the  minimal  and  maximal  cohorts  and  for  all  Ranch  Hands,  the  dioxin  means  did 
not  differ  significantly. 

The  only  sun  exposure-related  variables  that  had  a  significant  association  with  dioxin 
were  ethnic  ixmkground  and  hair  color  for  Ranch  Hands  and  the  composite  sun  reaction  index 
for  Comparisons. 

In  the  analyses  of  the  carcinogen  exposure  variables— degreasing  chemicals,  chromate, 
and  naphthylaminc — the  exposed  category  had  a  higher  dioxin  mean  than  the  nonexposed 
category,  when  the  dioxin  means  differed  significantly.  In  the  analyses  of  amiruxliphenyi  and 
chloromethyl  ether,  the  nonexposed  categmy  had  a  higher  mean  than  the  exposed  category. 
Ranch  .'iac^  including  those  in  the  minimal  and  mammal  cohorts  and  all  Ranch  Hands)  who 
had  been  exposed  to  industrial  chemicals  had  higher  dioxin  means  than  those  who  had  not 
been  expos^  whereas.  Comparisons  who  had  been  exposed  to  industrial  chemicals  had  a 
lower  dioxin  mean  than  those  who  had  not  been  exposed.  For  the  composim  carcinogen 


3-24 


exposure  variable.  Ranch  Hands  with  an  affirmative  response  had  a  higher  dioxin  mean  than 
those  who  bad  not  been  exposed  to  any  of  the  15  specific  carcinogens. 

Among  the  personal  and  family  health  variables,  percent  body  fat  and  the  cholesterol* 
HDL  ratio  showed  a  significant  positive  correladon  with  dioxin  for  Randi  Hands  and 
Comparisons,  and  HDL  showed  a  significant  negadve  conreladoo  with  dioxin.  For  both 
Ranch  Hands  and  Comparisons,  diabedc  cl^iss  also  exhibited  a  significant  associadon  with 
dioxin,  in  which  the  dioxin  means  were  gieatest  for  the  diabetic  categoiy. 

Educadon  was  the  only  other  variable  to  be  significandy  associated  with  dioxin.  This 
associadon,  m  which  college  graduates  had  a  lower  dioxin  mean  than  high  school  graduates, 
was  only  significant  for  Ranch  Hands. 

CONCLUSION 

Many  of  the  significant  associadons  between  dioxin  and  the  covariates  in  the  Ranch 
Hand  group  can  be  attributed  to  an  indirect  effect  of  occupadonal  rank,  which  is  highly 
associated  with  current  serum  levels  of  dioxin.  For  example,  the  decreasing  reladonship 
between  age  and  dioxin  occurred  because  enlisted  groundcrew,  who  have  the  highest  current 
dioxin  levels  of  the  Ranch  Hands,  were  also  the  youngest  occupadonal  category,  while 
officers,  who  have  the  lowest  levels,  were  the  oldest  occupadonal  category.  Adjusting  for 
occupadon,  the  associadon  between  dioxin  and  age  became  nonsignificant  under  both  the 
minimal  (psO.138)  and  maximal  (psO.712)  assumpdons.  By  contrast,  the  reason  for  the 
significant  posidve  associadon  with  age  in  the  Comparison  group  is  not  as  apparent,  but  may 
be  due  ro  accumuladon  of  normal  background  levels  with  dme. 

Significant  associations  in  the  Ranch  Hand  group  between  dioxin  and  educadon, 
industrial  chemical  exposure,  degreasing  chemical  exposure,  and  wine  consumpdon  can  also 
be  explained  by  occupadonal  differences  (officers  were  more  likely  to  be  college  educated, 
less  likely  to  have  been  exposed  to  industrial  or  degreasing  chemicals,  and  more  likely  to 
drink  wine  than  the  enlist^  penonnei).  As  with  age,  these  associadons  (except  for  lifenme 
wine  consumpdon  under  the  minimal  assumpdon)  became  nonsignificant  after  adjusdng  for 
occupadon. 


More  difficult  to  understand  are  the  associadons  in  the  Comparison  group  between 
current  levels  of  dioxin  with  several  of  the  covariates.  Most  of  the  Comparison  group  are 
assumed  to  have  background  levels  (97.8%  are  less  than  10  ppt)  and  there  is  nc  obvious 
related  factor  (such  as  occupadon)  that  could  explain  the  associadons.  Of  the  51  covaiiates 
(discrete  and  continuous  versions  counted  as  one),  9  were  significant  at  or  below  the  0.05 
level.  By  chance  alone,  one  would  expect  about  two  sigidficant  associadons.  The 
interrelatedness  of  some  of  the  covariates  may  have  inflated  the  number  of  significant  results 
observed.  Most  of  the  significant  associadons  were  for  the  health  variables  (HDL, 
cholesterol-HDL  rado,  diaberes,  and  percent  body  fat)  that  were  also  associated  significantly 
with  dioxin  in  the  Ranch  Hand  group. 
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CHAPTER  18 


CONCLUSIONS 


INTRODUCTION 

This  chapter  suaunarizes  the  conclusions  drawn  from  staasdoi  analyses  performed  on 
approximately  300  health-related  endpoints  in  12  clinical  areas.  The  analyses  focused  on 
dioxin  measurements  obtained  from  serum  samples  collected  at  the  Air  Force  Health 
Study  (AFHS)  examination.  This  report  summarizes  the  first  large-scale  study  of  dose- 
response  effects  based  on  an  accurate  measurement  of  current  dioxin  levels.  This 
invesdgadon  is  an  important  enhancement  of  tlie  AFHS  and  supplesoeats  previous  AFHS 
reports,  which  focused  on  group  contrasts  between  exposed  (Ranch  Hand)  and  unexposed 
(Comparison)  cohorts. 

Appendix  Tables  Q-1  to  Q-18  summarize  the  results  of  the  statistical  analyses.  The 
significant  results  discussed  in  this  chapter  describe  associations  between  clinical  endpoints 
and  dioxin;  however,  independent  of  outside  criteria  (e.g.,  strength  and  consistency  of 
associadon,  biological  plausibility),  they  dp  not  necessarily  imply  cause  and  effect 


Statistical  Models 

Three  stadsdeal  models  were  used  to  evaluate  associadons  between  the  health  of 
study  pardcipants  and  their  serum  dioxin  levels: 


•  Model  1:  Esdnnated  inidai  dioxin  levels  using  Ranch  Hand  paradpants  only 

•  Model  2:  Current  serum  dioxin  levels  and  dme  since  military  service  in  Vietnam 

using  Ranch  Hand  pardcipants  only 

•  Model  3:  Four  categories  of  current  dioxin  levels  using  both  Ranch  Hand  and  . 

Comparison  parric'pants. 


Analyses  based  on  mode!  1  depend  directly  on  first-order  kinedcs  aid  a  constant  dioxin 
decay  rate,  while  analyses  based  on  model  2  assume  nothing  about  dionn  eliminadon  other 
than  that  Ranch  Hands  were  exposed  in  Vietnam  and  chat  their  body  burdens  have  decreased 
over  dme  in  an  unspecified  manner.  Thus,  with  model  1,  one  assumes  everything  is  known 
about  dioxin  eliminadoa  in  Ranch  Hand^  with  model  2,  one  assumes  nodnng  about  dioxin 
eliminadon  in  Ranch  Hands.  All  health  data  were  analyzed  using  both  of  these  models  to 
reduce  the  likelihood  that  an  effect  would  be  missed  due  to  incontxt  assumpdoos  regarding 
dioxin  elimination.  Models  1  and  2  were  implemented  under  two  assun^dons:  a  minimal 
assumpdon  and  a  maximal  assumpdon.  The  minimal  assumpdon  includd  only  Ranch  Hands 
with  current  dioxin  levels  above  10  paitj  per  trillion  (ppt)  (n»521);  the  mximal  assumpdon 
expanded  the  analysis  to  include  all  Ranch  Hands  with  current  dioxin  levels  above  5  ppt 
(n=742).  In  addidon,  model  3,  using  both  Ranch  Hands  and  Comparisoas,  assessed  the 
health  consequences  of  current  dioxin  body  burdens  above  background.  This  assessment 
required  no  assumptions  about  when  or  how  increased  dioxin  body  burdeu  were  attained. 
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Sadstical  analyses  often  were  applied  to  clinical  endpoints  in  continuous  (Le..  original 
ooeasurement)  and  discrete  (i.e.,  measurements  grouped  into  categories  based  on  abnormal 
levels)  forms.  Analyses  also  were  performed  to  account  for  the  effects  that  demographic  and 
personal  characterisdcs  may  have  had  on  the  clinical  measurements.  Such  analyses  are 
termed  "adjusted  analyses.’* 

RESULTS 

General  Health  Assessment 

The  general  health  assessment  examined  the  associadons  between  serum  dioxin  levels 
and  the  following  five  variables:  self-percepdon  of  health,  appearance  of  illness  or  distress  at 
physical  examinadon,  reladve  age.  percent  body  fat,  and  erythrocyte  sedimentadon  rate. 

These  variables  were  thought  to  be  sensitive  to  the  overall  state  of  health  rather  than  to  any 
single  organ  system.  Of  these  variables,  the  percent  body  fat  and  sedimentation  rate 
consistently  showed  significant  positive  associations  with  the  initial  and  current  levels  of 
dioxin. 

Percent  body  fat  can  serve  as  an  indicator  of  the  presence  of  subclinical  disease.  For 
these  analyses,  percent  body  fat  was  determined  from  a  formula  using  weight  and  height. 

The  findings  for  percent  body  fat  are  consistent  -with  the  association  between  dioxin  and 
diabetes  melliius  in  the  endocrine  assessment  and  lipids  in  the  gascrointesdnal  assessment. 

Sedimentation  rate  can  be  a  sensitive,  although  nonspecific,  index  of  general  health. 
Consistent  with  the  findings  in  this  report,  the  Ranch  Hand  group  had  a  significantly  higher 
mean  sedimentation  rate  than  the  Comparison  group  in  both  the  previous  report  of  the  1987 
examination  and  the  1985  examination  report  The  results  from  these  reports  suggest  that  a 
subtle,  chronic  inflammatory  response  may  be  related  to  higher  levels  of  dioxin  exposure.  The 
association  between  diabetes  and  dioxin  noted  in  the  endocrine  assessment  might  be 
responsible  for  the  sedimentation  rate  findings.  However,  a  significant  positive  association 
between  dioxin  and  sedimentation  rate  remained  when  the  analysis  was  restricted  to 
nondiabetics.  As  expected,  diabetics  had  higher  sedimentation  rates  than  nondiabetics. 

The  longitudinal  analyses  of  self-perception  of  health  demonstrated  significant  positive 
associations  with  initial  dioxin  and  current  dioxin.  However,  the  percentage  of  participants 
who  reponed  fair  or  poor  health  decreased  by  more  than  50  percent  from  1982  to  1987.  In  the 
longitudinal  analyses  of  sedimentation  rate,  the  percentages  of  abnormalities  in  1987  differed 
significantly  among  the  current  dioxin  categories,  with  Ranch  Hands  in  the  low  and  high 
current  dioxin  categories  exhibiting  significant  positive  relative  rislcs  in  relation  to  the 
background  current  dioxin  category. 

Malignancy  Assessment 

The  relationship  between  dioxin  and  maiignant  and  benign  neoplasms,  carcinomas  in 
situ,  and  neoplasms  of  uncertain  behavior  or  unspecified  nature  was  assessed.  Neoplasm 
refers  to  any  new  growth  that  may  or  may  not  be  malignanq  maiignant  neoplasms  are 
neoplasms  capable  of  invasion  and  metastasis.  The  evaluation  was  based  on  the  incidence  of 
neoplasms  after  the  Southeast  Asia  (SEA)  tours.  SIdn  and  systemic  neoplasms  were 
studied  separately.  The  malignant  sidn  neoplasm  analyses  were  based  on  non-Blacks  only; 
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ihe  benign  skin  neoplasms  analyses  included  Blacks.  Risk  facton  such  as  age,  ability  to  tan, 
cumulative  sun  exposure,  and  paxenul  ethnicity,  as  well  as  eye,  sidn,  and  hair  color,  were 
considered  as  candidate  covariates  in  the  analyses  of  skin  neoplasms. 


The  results  of  the  serum  dioxin  analyses  for  the  skin  neoplasm  assessment  did  not 
support  a  positive  dose-response  relationship.  In  each  of  the  three  previous  AFHS  repons, 
an  tncreas^  risk  of  basal  cell  carcinomas  was  noted  in  the  Ranch  Hand  group  relative  to  the 
Comparison  group.  According  to  the  group  contrasu  for  the  1985  and  1987  examinations. 
Ranch  Hands  also  had  a  significantly  increased  risk  of  sun  exposure-related  skin  neoplasms 
(predominantly  basal  cell  carcinoma,  but  also  squamous  cell  carcinoma,  melanoma,  and 
i^gnant  epithelial  neoplasms  not  otherwise  specified). 

In  this  report,  the  initial  dioxin  analyses  and  the  current  dioxin  and  time  since  tour 
analyses  found  that  the  relative  risks  for  basal  cell  carcinoma  and  sun  exposure-related  skin 
ncoolasms  often  were  less  than  I.  The  reladve  risk  was  significantly  less  than  1  for  the 
adjusted  model  1  analyses  of  basal  cell  carcinoma  on  the  ear,  face,  head,  and  neck  under  the 
minimal  assumption.  Thc.'e  was  no  increased  risk  for  the  development  of  any  skin  neoplasm 
related  to  dioxin  except  for  occupation-specific  analyses. 

Analyses  were  performed  within  military  occupational  groups  (officer,  enlisted  flyer,  and 
enlisted  groundcrew).  Sudsdcally  significant  increases  in  the  incidence  of  basal  cell 
carcinoma  of  sites  other  than  the  ear,  face,  head,  or  neck  were  found  for  the  associadons  with 
the  inidal  and  current  serum  dioxin  levels  for  Ranch  Hand  enlisted  flyers.  However,  these 
results  may  be  the  result  of  a  muldple-tesdng  ardiact,  since  they  were  not  noted  for  the 
Ranch  Hand  enlisted  groundcrew  who,  as  a  group,  had  higher  levels  of  serum  dioxin  than  the 
enlisted  flyers.  The  Air  Force  'will  continue  to  monitor  basal  cell  carcinoma  in  subsequent 
phases  ol  the  study. 

The  scrum  dioxin  analyses  detected  significandy  increased  risks  of  benign,  but  not 
malignant,  systemic  neoplasms.  Under  the  maximal  assumpdon.  Ranch  Hand  participants 
with  high  levels  of  inidal  dioxin  had  a  greater  incideiice  of  benign  systoiric  neoplasms  (9.7%) 
than  did  Ranch  Hands  with  medium  (5.7%)  or  low  (1.6%)  levels  (approximately  75%  of 
benign  neoplasms  in  Ranch  Hands  and  70%  in  Comparisons  were  lipomas).  Under  both 
assumpdons,  the  adjusted  current  dioxin  and  dme  since  tour  analyses  revealed  that  current 
dioxin  was  associated  with  signiflcintly  increased  risks  of  benign  systemic  neoplasms  for 
Ranch  Hands  with  earlier  tours.  In  the  categorizeiJ  current  dioxin  analyses,  the  adjusted 
reladve  risk  was  2.13  for  Ranch  Hands  in  the  high  current  dioxin  category  (>33J  ppt). 

By  contrast,  the  adjusted  inidal  dioxin  analyses  found  that  the  reladve  risks  were  less 
than  I,  but  not  sigi '  .jant,  for  malignant  systemic  neoplasms.  The  model  3  analyses  showed 
that  Ranch  Hands  in  the  low  current  dioxin  category  (>15-33.3  ppt)  had  a  significantly 
increased  risk  reladve  to  Comparisons  in  the  background  category  (10  ppt  or  less),  but  none 
of  the  Ranch  Hands  in  the  high  current  dioxin  category  had  any  oialignant  systemic 
neoplasms. 

At  the  1985  examinadon,  one  Ranch  Hand  and  one  Comparison  had  verified  soft  dssue 
sarcoma  (STS)  (fibrous  hisdocytoma  and  fibrosarconaa,  respeedveiy).  The  Ranch  Hand  was 
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not  part  of  the  1987  study  because  he  died  prior  to  his  scheduled  examinadon;  the 
Comparison  with  the  fibrosarcoma  pardcipated  in  the  1987  examinadon.  At  the  1983 
examinadon,  one  Ranch  Hand  was  classified  as  having  a  suspected  leukemia,  Hodgkin's 
disease  (HD),  or  non-Hodgkin’s  lymphoma  (NHL).  He  was  subsequently  diagnosed  as 
having  leukemia  by  the  dme  of  the  1937  examinadon.  There  was  one  verified  case  of  NHL  in 
a  Ran'*':  Hand  at  the  1987  examinadon. 

In  summary,  dioxin  was  significantly  associated  with  an  increased  risk  of  benign,  but  not 
malignant,  systemic  neoplasms.  The  study  provided  no  evidence  of  increased  risk  for  the 
neoplasms  most  commonly  thought  to  be  linked  with  exposure  to  chlorophenols  (HD,  NHL, 

'  and  STS).  However,  the  number  of  pardcipants  with  these  specific  neoplasms  was  very 
small,  lifting  the  sudsdcal  power  to  detect  a  significant  reladve  risk.  The  increased 
incidence  of  basal  cell  skin  neoplasms  in  Ranch  Hands  documented  in  previous  examinadon 
cycles  was  not  associated  posidvely  with  serum  dioxin,  except  among  the  enlisted  flyers  with 
basal  cell  carcinonas  at  sites  other  than  the  ear,  face,  head,  or  neck. 

Neurological  Assessment 

The  neurological  assessment  was  based  primarily  on  extensive  physical  examinadon 
data  on  cranial  nerve  function  (CNF),  peripheral  nsive  stanis,  and  central  nervous  system 
(CNS)  coordination  processes.  These  data  were  supplemented  by  verified  histories  of 
neurological  diseases. 

The  neurological  analyses  revealed  no  consistent  evidence  to  indicate  that  dioxin  was 
associated  with  neurological  disease.  The  analyses  of  hereditary  and  degenerative  diseases 
found  no  association  with  dioxin,  in  contrast  to  the  finding  from  the  previous  report  that 
showed  a  significant  increase  in  benign  essential  tremor  in  Ranch  Hands.  The  adjusted 
analyses  for  the  other  historical  variables  also  were  not  significant. 

There  were  few  statistically  significant  associations  between  dioxin  and  the  physical 
examination  variables.  The  power  to  detect  significant  results  was  limited  for  many  of  the 
(TNF  and  CNS  variables  because  there  were  few  abnonnaliries.  Peripheral  neuropathy 
clearly  has  been  shown  to  be  associated  with  2J,7.8-tetrachiorodibenzo-p-<lioxin  (TCDD) 
exposure  in  other  studies,  but  no  significant  findings  were  noted  for  the  eight  peripheral  motor 
and  sensory  indices. 


Most  of  the  significant  findings  in  the  neurological  assessment  were  noted  for  the  CNS 
variables.  For  the  adjusted  model  3  analyses,  there  was  a  significandy  increased  risk  of 
coordination  abnormalities  for  Ranch  Hands  in  the  high  current  dioxin  category  relative  to 
Comparisons  in  the  background  current  dioxin  category.  This  finding  is  consistent  with  the 
previous  report,  which  found  that  Ranch  Hands  on  die  whole  had  significantly  more 
coordination  abnormalities  than  Comparisons.  The  adjusted  model  3  results  for  the  CNS 
index  (a  composite  variable  based  on  coordination,  tremor,  and  gait)  displayed  similar 
findings.  The  adjusted  model  1  results  were  marginally  significant  for  coordination  and 
significant  for  the  CNS  Index.  The  longitudinal  analyses  of  the  CNS  index  under  the  maximal 
assumption  revealed  a  marginally  significant  positive  associadim  with  initial  dioxin. 
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In  summary,  dioxin  was  associated  signiHcantiy  with  coordination  and  the  CSS  index, 
but  CNF  and  peripheral  nerve  sums  variables  were  not  associated  with  dioxin. 

Psychological  Assessment 

The  psychological  assessment  examined  verified  psychological  disorders,  reported 
sleep  disord^  and  the  results  of  two  clinical  psychological  tests:  the  Symptom  Qieck  List* 
90-Revised  (SCL-90*R)  and  the  Millon  Clinic^  Muldaxial  Inventory  (MCMI)*  The 
SCL'90-R  is  a  90*item  checklist  of  physical  and  mental  symptoms  that  provides  a 
reasonable  measure  of  health*relaied  concerns  and  associued  anxiety,  depression,  and 
general  emotional  discomfort.  The  MCMI  provides  backup  measures  of  depression,  anxiety, 
soraadzadon,  and  hypochondriasis  for  the  SCL-90-R,  while  also  screetung  for  personality 
patterns,  disorders,  and  major  psychiatric  syndromes,  including  psychoses.  Both  the 
SCL*90*R  and  the  MCMI  have  t^n  used  extensively  in  research  and  in  some  clinical 
settings  requiring  economical  assesstnent  of  psychiatric  disorden,  physical  disability  status, 
and  response  to  specific  therapies.  The  SCL-90*R  variables  were  discredzcd  as  abnormal  or 
normal  for  analysis,  while  each  MCMI  variable  was  analyzed  in  its  condnuous  form. 

The  serum  dioxin  analyses  did  not  indicate  that  dioxin  was  associated  significantly  svith 
either  the  verified  questionnaire  disorden  or  the  reported  sleep  disorden.  The  unadjusted 
analyses  for  the  SCL*90*R  variables  were  often  significant,  but  in  most  cases  became 
nonsignificant  after  covariate  adjustment.  This  was  due  primarily  to  adjustment  for  educadon. 
The  educadon  covariate  was  associated  indirecdy  with  serum  dioxin  levels  because  both  of 
these  variables  were  highly  associated  with  military  occupadon  and  rank. 

By  contrast,  the  adjusted  analyses  for  many  of  the  MCMI  variables  showed  a 
significant  associadon  with  dioxin.  After  adjustment,  the  inidal  dioxin  anal^-ses  found  that  9 
of  the  20  MCMI  scale  results  were  significant  under  either  the  minimal  or  maximal 
assumption  (positive;  schizoid,  avoidant,  dependent,  schizotypal,  somatoform,  psychotic 
thinking,  and  psychotic  depression  scores;  negative:  histrionic  and  narcissistic  scores). 

Most  of  these  variables  also  were  associated  significantly  with  Pinent  dioxin  levels  in  the 
model  2  analyses  based  on  Ranch  Hands  with  more  than  18.6  yean  since  service  in  SEA. 

The  adjusted  model  3  analyses  detected  fewer  significant  results.  Ranch  Hands  in  the  high 
current  dioxin  category  relative  to  Comparisons  in  the  background  current  dioxin  category  had 
significantly  higher  mean  schizoid  and  schizotypal  scores  and  a  significantly  lower  mean 
histrionic  score. 

Although  the  MCMI  results  suggest  the  possibility  of  a  relationship  between  dioxin  and 
personality  disturbances  and/or  psychotic  disorders,  they  are  inconsistent  with  the  results  for 
the  verified  questionnaire  dau  and  the  SCL-90-R  scales.  The  relatively  large  number  of 
statistically  sigrJficani  MCMI  results  may  be  explained  in  part  by  substantial  overiip 
inherent  to  the  construction  of  test  scales.  Because  there  was  a  lack  of  consistency  across 
similar  variables  included  in  the  SCL'90-R.  MCMI.  and  verified  disorders,  the  available 
evidence  does  not  suggest  that  the  body  burden  of  dioxin  is  related  to  psychological  or 
psychophysiological  disorders. 
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Gastrointestinal  Assessment 

The  fastrointestina]  assessment  examined  the  history  of  eight  categories  of  liver 
disease:  ^dral  hepadds,  acute  and  subacute  necrosis  of  the  liver,  chronic  liver  disease  and 
cirrhosis  (alcohol*related  and  nonalcohoNrelated  were  analyzed  separately),  liver  abscess 
and  sequelae  of  chronic  liver  disease,  other  disorders  of  the  liver  (abnormal  liver  scans, 
abnormal  enzyme  elevadons,  unspecified  hepadds,  and  unspecified  disorders  of  the  liver), 
hepatomegaly,  and  jaundice.  Verified  histcmes  of  ulcers  and  sldn  patches,  bruises,  and 
sensidvity  also  were  analyzed.  Hepatomegaly  diagnosed  at  the  physical  examinadon  was 
investigated  in  addition  to  13  laboratory  variables  (asparute  aminotransferase  (AST], 
alaitine  aminotransferase  [ALT],  gamma-glutamyl  transpepddase  [GGT],  alkaline 
phosphatase,  d-glucaric  acid,  total  bilirubin,  direct  bilirubin,  lactic  dehydrogenase,  cholesterol, 
hi^-density  lipoprotein  [fWLJ,  the  cholesterol-HDL  ratio,  triglycerides,  and  creatine 
kinase). 

The  serum  dioxin  analyses  of  the  hepatic  enzymes  found  significant  positive 
associations  with  ALT  and  GGT,  but  the  findings  were  not  significant  for  the  other  enzymes. 
The  lipid  indices  were  associated  significantly  and  consistently  with  dioxin.  The  analyses  of 
the  variable  triglycerides  showed  strong  positive  associations  with  both  the  initial  levels  of 
dioxin  and  the  current  serum  levels;  this  variable  is  highly  sensitive  to  body  fat.  Cholesterol, 
HDL,  and  the  cholesterol-HDL  ratio  also  showed  significant  associations  with  dioxin. 

Initial  dioxin  level  was  associated  with  a  significantly  increased  risk  of  an  abnormally 
high  level  for  several  of  the  laboratory  variables  (AST,  ALT,  (XiT,  and  the  cholesterol-HDL 
ratio)  in  Ranch  Hands  who  had  rep<»ted  no  exposure  to  degreasing  chemicals.  This  pattern 
is  puzzling  since  it  contradicts  a  synergistic  eHect  of  degreasing  chemicals  and  dioxin 
exposure.  The  relative  risk  for  these  variables  was  not  significant  for  Ranch  Hands  who  had 
reponed  exposure  to  degreasing  chemicals. 

In  summary,  the  gastrointestinal  analyses  did  not  indicate  that  the  historical  liver 
conditions  were  associated  with  dioxin  at  this  time.  However,  laboratory  results  showed  a 
consistent  pattern  suggestive  of  a  subclinical  effect  on  lipid  metabolism,  possibly  related  to 
the  positive  association  between  dioxin  and  percent  body  fat  that  was  observed  in  the 
general  health  assessment. 

Dermatologle  Assessment 

The  dermatologic  evaluation  was  based  on  verified  questionnaire  data  on  the  occurrence 
and  location  of  acne  (lifetime  and  relative  to  SEA  tour).  These  data  were  supplemented  with 
eight  variables  derived  from  the  physical  examination:  comedones,  acneiform  lesions, 
acneiform  scan,  depigmenution,  inclusion  cysts,  hyperpigmentation,  other  abnormalities,  and 
a  dermatology  index.  The  ‘'other  abnormalities’*  variable  included  jaundice,  spider 
angiomata,  palmar  erythema,  palmar  keratoses,  actinic  kentoses,  petechiae,  ecchymoses, 
conjunctival  abnormality,  oral  mucosal  abnormality,  fingernail  abnomsality,  toenail 
abnormality,  dermatographia,  cutis  rhomboidalis,  nevus,  and  other  abnormalities.  The 
dermatology  index  was  based  on  the  presence  of  comedones,  acneiform  lesions,  acneiform 
scan,  and  inclusion  cysts. 


The  clinical  endpoint,  chloracne,  has  been  linked  cooclusvely  to  topical  dioxin  exposure 
in  other  studies.  No  evidence  of  active  chloracne  has  been  detected  at  any  of  the  three  AFHS 
examination  cycles.  This  is  not  surprising  since  the  concentradons  of  TGDD  exposure  in 
Ranch  Hands  probably  were  much  less  than  the  concentradons  needed  to  produce  overt 
lesions,  based  on  animal  and  human  studies.  Recogniaing  the  remote  poskbUity  that 
chloracne  may  have  occurred  in  acute  form  and  been  resolved,  the  physical  examinadoa 
emphasized  chronic  cutaneous  condidoos,  such  as  scarring  and  pigmmtadon,  which  are 
cofflplicadons  of  ail  forms  of  acne. 

Densatclogic  endpoints  were  not  consistently  associated  with  dioxin  concentradons. 

The  adjusted  current  dioxin  and  dme  since  tour  a^yses  displayed  several  statistically 
significant  findings,  but  they  were  not  supported  by  the  adjust  inidal  dioxin  analyses  or  the 
adjusted  categorized  current  dioxin  results.  The  adjusted  current  dioxin  and  rime  since  tour 
analyses  under  the  assumption  for  Ranch  Hands  with  a  later  tour  of  duty  in  Yietnam 

(dme  since  tour^lS.d  years)  showed  significant  or  marginally  significant  posidve 
associadons  between  current  levels  of  dioxin  and  the  occurrence  of  acne  and  several  of  the 
other  acne*related  physical  examinadon  variables  after  service  in  SEA.  The  corresponding 
adjusted  reladve  risks  for  Ranch  Hands  with  an  early  tour  (dme  since  tour>18.6  years)  were 
either  not  significant  or  were  rignificandy  less  than  1.  Under  the  minitnal  assumpdon  (but  not 
the  maximal),  current  levels  of  dioxin  were  associated  with  an  increased  risk  of  acne  on  the 
temples,  eyes,  and  ears  for  Ranch  Hands  with  an  early  tour. 

The  adjusted  inidal  dioxin  analyses  found  a  significandy  increased  risk  of 
hyperpigmeotation  abnormalides  under  the  maximal  assumption,  but  the  adjusted  reladve 
risk  was  not  significant  under  the  mimmal  assumpdon.  The  qu^onnaire  variabiea  were  not 
associated  significandy  with  inidal  dioxin  in  the  adjusted  analyses.  The  adjusted  categorized 
current  dioxin  results  did  not  find  that  Ranch  Hands  in  the  high  current  dioxin  camgory 
differed  significandy  with  Comparisons  in  the  background  current  dioxin  category  for  any  of 
the  variables  analyzed. 

Cardiovascular  Assessment 

The  cardiovascular  assessment  was  based  on  reported  and  verified  heart  disease 
(essendai  hypertension,  overall  heart  disease,  and  myocardial  infarction)  and  the 
measurement  of  central  cardiac  funeden  and  peripheral  vascular  fimedoo.  The  analyses  of 
central  cardiac  funedon  examined  systolic  blood  pressure,  heart  sounds,  and  several  variables 
from  the  electrocardiograph  (ECG)  readiap  (ove:^  intetpretadon,  right  bundle  branch  block, 
left  bundle  branch  block,  nonspedfie  ST-  and  T-wave  changes,  bradycardia,  arrhythmia,  and 
other  diagnoses).  The  evaluadon  of  peripheral  vascular  funedon  was  based  on  diastolic  blood 
pressure,  fundoseopic  exatninarion  of  small  vessels,  carodd  bruits,  and  manoal  palpadcn  of 
the  radial,  femoral,  popliteal,  dorsalU  pedis,  and  posterior  pulses. 

Diabetes  is  a  major  risk  factor  for  the  development  of  cardiovascaJar  disease.  The 
cardiovascular  assessment  excluded  dUbedcs  from  most  analyses  so  that  the  serum  dioxin 
findinp  would  be  based  on  cazdiovascular  endpoints  independent  of  a  diabetes-related 
etiology.  Addidooal  analyses  based  on  diabedcs  only  were  done  for  myocardial  infaredoo  and 
leg  pulses. 


lS-7 


An  increased  risk  of  cardiovascular  disease  was  not  associated  with  dioxin  levels. 

There  was  a  significandy  increased  risk  of  essential  hypenension  for  Ranch  Hands  in  the  high 
current  dioxin  category  reladve  to  G)n]parisons  in  the  background  current  dioxin  category, 
when  the  effea  of  body  fat  was  not  considered.  Because  b^y  fat  is  associated  with  dioxin 
levels,  adjustment  for  body  fat  could  mask  a  dioxin  effect  By  contrast  the  analyses  of 
verifi^  hean  disease  (excluding  essendal  hypertension)  found  that  the  adjusted  relative  risk 
was  significandy  less  than  1  for  Ranch  Hands  in  the  high  current  dioxin  category;  the 
association  with  inidal  dioxin  also  exhibited  a  significandy  decreased  risk  under  the  tnaximal 
assumption.  In  the  assessment  of  central  cardiac  function,  the  analyses  of  sysmlic  blood 
pressure  in  its  continuous  form  displayed  significant  associations  with  dioxin  when  the  effect 
of  body  fat  was  not  considered,  but  dw  corresponding  discrete  analyses  did  not  show  a 
signifii^t  increase  in  the  ptevalence  of  abnormally  high  levels  of  systolic  blood  pressure 
(>140  mm  Hg).  By  contrast,  the  adjusted  analyst  for  "'other  EOG  diagnoses”  found 
rigni&andy  decreamd  risks  in  the  adjusted  current  dioxin  and  tune  sinee  tour  analyses  and 
in  the  adjusted  categorized  current  dioxin  analyses.  Longitudinal  analyses  of  the  overall 
ECG  displayed  signiEcant  negative  associations  with  dioxin. 


The  assessment  of  petipherai  vascular  function  found  significant  associations  between 
dioxin  and  decreases  in  the  peripheral  pulses.  The  adjusted  categorized  current  dioxin 
analyses  showed  that  Ranch  Hands  in  the  high  current  dioxin  category  had  significantly  mors 
peripheral  pulse  abnormalities  than  Comparisons  in  the  background  current  dioxin  category, 
although  Ranch  Hands  in  the  low  current  dioxin  category  had  the  most  peripheral  pulse 
abnotr^ties.  Consistent  with  the  systolic  blood  pressure  findings,  the  adjusted  mean 
diastolic  blood  pressure  was  significantly  higher  for  Ranch  Hands  in  the  high  current  dioxin 
category  reladve  to  die  background  cuixent  doxin  category  when  the  effea  of  body  fat  was 
not  considered.  However,  the  corresponding  discrete  analysis  did  not  show  a  sig^candy 
increased  risk  of  an  abnormally  high  level  of  diastolic  blood  pressure  (>90  mm  Hg). 

The  cardiovascular  findings  in  this  report  offered  no  consistent  evidence  of  an  adverse 
dioxin  effect  At  present  there  is  no  evidence  that  humans  experience  cardiovascular 
sequelae  related  to  chronic  low-dose  dioxin  exposure.  However,  the  blood  pressure  and 
pulse  observadons  could  represent  early  subclinical  effects  and  emphasize  the  need  for 
continued  evaluadon  in  subsequent  phases  of  the  smdy. 

Hematoiogie  Assessment 

The  hematoiogie  assessment  examined  nine  Isboratory  variables:  red  blood  cell  count, 
white  blood  cell  (WBQ  count  hemogiobia,  hematocrit  naean  corpuscular  volume,  toean 
corpuscular  hemoglobin,  mean  corpuscular  hemoglobin  coocentradon,  platelet  count  and 
prothrombin  time.  These  variables  can  be  used  »  indicate  hematopoietic  disease  and, 
perhaps  mote  ofto,  to  alert  die  cUnician  to  the  presence  of  disease  in  other  organ  systems. 

The  hematologii*;  results  revealed  no  evidence  that  overt  hemaiopoiedc  toxidty  was 
related  to  dioxin  exposure.  The  WBC  count  revealed  statistically  significant  increasea 
consistent  with  a  dots-respense  effect  in  ail  three  models;  consiittnt  significant  results  were 
not  found  for  the  other  variables.  TIm  adjusted  categorized  current  dioxin  audyscs  for 
platelet  count  found  a  sigaificantiy  inctet^  risk  of  an  elevated  platelet  count  for  Ranch 
Hands  in  the  high  current  dioxin  category  relative  to  the  Cooa|»irisoes  in  the  background 
current  dioxia  category.  These  findings  suggest  the  presence  of  a  low-leveL  efaro^ 
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mflunmatory  response  chat  may  not  be  considered  clinically  stgnificant.  but  underscores  the 
need  for  continued  surveillance. 

Renal  Assessment 

History  of  iddney  disease  and  five  laboratory  variables  (urinary  protein,  urinary  occult 
blood,  urinary  white  blood  cell  count,  blood  urea  nitrogen,  and  urine  specific  gravity)  were 
analyzed  in  ^e  assessment  of  renal  function.  The  starisrical  analyses  did  not  indicate  any 
renal  health  detriment  related  to  dioxin.  Under  the  maximal  assumption  of  model  1  (but  not 
the  minimal),  the  initial  iioxin  analyses  found  a  significantly  increased  risk  of  urinary  occult 
blood  cells,  but  results  •at  not  significant  for  the  model  2  and  model  3  analyses. 

Statistically  significant  'esults  were  not  noted  for  the  other  variables.  These  results  an 
consistent  with  the  rensl  assessments  from  the  previous  AFKS  reports,  which  did  not  find 
sign^cant  differences  between  the  Ranch  Hand  and  Comparison  groups. 

Endocrine  Assessment 

The  endocrine  assessment  focused  on  thyroid,  testicular,  and  pancreatic  functions. 

Seven  laboratory  variables  were  analyzed:  T3  %  uptake,  thyroid  stimulating  hormone  (TSH), 
follicle  sdmuJadng  hormone,  testosterone,  fasdng  glucose,  2-hour  postprandial  glucose,  and  a 
composite  diabetes  indicator.  Physical  examinadon  data  for  the  thyroid  gland  and  the  testes 
also  were  evaluated. 

In  the  evtluadoa  of  thyroid  funedoo,  the  categorized  current  dioxin  analyses  found  a 
significant  decrease  in  the  mean  T3  %  uptake  and  a  significant  increase  in  the  mean  TSH  for 
Ranch  Hands  in  the  high  ettrrent  dioxin  category  reladve  to  (2omparisoas  in  the  background 
current  dioxin  category.  There  was  a  significant  negadve  cocieladon  between  inidal  dioxin 
and  T3  %  uptake.  Though  these  resuiu  were  consistent  with  subcUtdcal  decreases  in  thyroid 
fiincdon  related  to  dioxin  exposure,  the  magnitude  of  the  difierences  between  Ranch  Hands  in 
the  higher  and  lower  dioxin  categories  were  not  considered  physiologically  significant  la 
addidon,  the  discrete  analyses  for  these  variables  did  not  indicate  that  dioxin  was  associated 
with  an  increase  in  the  prevalence  of  abnormal  levels. 

Decreased  tesdcular  size  wu  associated  rignificandy  with  initial  and  current  levels  of 
serum  dioxin.  The  clinical  meaning  of  this  finding  is  unclear  at  this  tune.  The  discrete 
analyses  of  testosterooe  did  not  find  a  significant  associadon  between  dioxin  and  abnormally 
low  levels  of  serum  testosterotw  (<260  ng/dl),  but  the  continuous  analyses  detected  a 
significant  negadve  associadon  with  dioxin  when  the  effect  of  body  to  was  not  considered. 
Fertility  and  other  reprodoedve  outcomes  will  be  assessed  in  a  separate  report. 

Initial  dioxin  and  current  lewis  of  sermn  dioxin  both  were  asiodated  highly  with  an 
inemsed  risk  of  diabetes.  S]g»i£cant  posidve  assodadoos  were  noted  for  the  analyses  of 
fasting  glucose  and  2*hour  postprandial  glucose.  The  results  dearly  established  a  stnmg 
associadon  between  glucose  intokrance  Mod  dkudn,  but  coocloding  that  dioxin  directly  causes 
diabetes  would  be  premature.  Qlnically,  obesity  is  recognized  u  the  most  cocunoo  cause  of 
adult-onset  diabetes  melliras.  The  general  health  issessxoent  nrreakd  a  strong  posidve 
assodaden  between  serum  dioxia  le^  and  percent  body  fit,  but  the  diabetes  findings 
renudned  significint  after  adjusting  for  body  fat.  Whether  these  flndinp  imply  an  increase  in 
diabetes  or  the  earlier  appearance  of  clinical  diabetes  in  susceptible  men  remains  an  open 


questio!U  The  basis  of  these  relationships  will  be  investigated  during  subsequent  phases  of 
this  study. 

Immunologic  Assessment 

The  immunologic  assessment  analyzed  composite  sldn-ieactioa  test  results  in  addidon 
to  various  laboratory  measurements  consisting  of  cell  surface  marker  studies,  three  groups  of 
fiincdonal  sdmuladon  tests,  and  quandadve  immunoglobulins.  The  evaluated  indices  of 
immunologic  capability  provide  a  comprehensive  reflecnon  of  in  vivo  and  in  vitro  immune 
fimcdoo  in  the  study  populadoo.  Because  of  the  complexity  of  the  assays  and  the  expense  of 
the  immunologic  tests,  a  random  sample  of  approximately  40  percent  of  the  participants  was 
chosen  to  receive  these  tests.  Of  the  subset  of  participants  chosen  for  immunologic  testing 
and  assayed  for  serum  dioxin  levels,  9.9  percent  were  diabetic.  This  percentage  was  not 
significantly  different  from  the  percentage  of  assayed  participants  not  seleaed  for 
immunologic  testing  (8.3%). 

Previously  reponed  Ranch  Hand  and  Comparison  group  contrasts  based  on  the  1987 
physical  examination  found  that  signiticantly  more  Ranch  Hands  than  Comparisons  had 
possibly  abnormal  reactions  on  the  delayed  hypersensitivity  skin-test  response,  but  results 
for  the  laboratory  variables  revealed  no  medically  important  differences.  In  this  report,  the 
serum  dioxin  analyses  for  die  composite  sldn  test  diagnosis  did  not  suppon  a  dioxin-related 
effect,  suggesting  that  the  previously  noted  group  difference  may  not  be  related  to  dioxin. 

Evaluation  of  the  immunoglobulins  found  a  significant  association  between  initial  dioxin 
and  IgA  increases,  consistent  with  a  subtle  inflammatoiy  response.  The  analyses  of  the 
other  immunoglobulins  (IgG  and  IgM)  did  not  indicate  the  presetKe  of  any  dioxin-related 
effects.  Analyses  for  the  other  laboratory  variables  revealed  several  statistically  significant 
findings,  but  they  either  were  internally  inconsistent  or  were  not  in  a  direction  expet^  in  an 
impaired  immune  system.  In  conclusion,  the  immunologic  assessment  did  not  exhibit 
clinically  significant  trends  related  to  the  current  serum  dioxin  level  or  the  initial  level 

Pulmonary  Assessment 

T:e  pulmonary  assessment  was  based  on  the  verified  histories  for  five  self-reponed 
illnesses,  five  physical  examination  variables,  and  seven  laboratory  measurements  the 
pulmonary  function  tests. 

Analyses  of  pulmonary  disease  history  found  no  evidence  of  a  dioxin  effect  on  the  five 
verified  respiruoiy  illnesses  studied  (asth^  bronchitis,  pleurisy,  pneumonia,  and 
tuberculosis).  (Consistent  with  the  findings  firom  the  previous  repon  of  the  19^  examination 
data,  none  of  these  cooditioos  was  signi&antiy  asso^ed  with  either  the  initial  level  or  the 
current  level  of  serum  dioxin. 

The  five  physical  examination  variables  were  hyperresonance,  dullness,  iriieezes,  rales, 
and  a  composite  of  these  variables  (denoted  as  thorax  and  lung  ahoormalities).  These 
variables  can  provide  valuable  clues  to  tbe  presence  of  palmonsiy  disesse,  but  an  of  limited 
use  in  confirming  a  diagnosis  because  th^  lack  of  njedficity.  Wbeeaes  and 
hypenesooance,  for  example,  will  occur  in  obstructive  airway  disease,  in  asthma,  or  in  chronic 
obstructive  pulmonary  disease  (COPO  cr  emphysema)  secondary  to  dgintte  use. 
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The  dioxin  analyses  of  the  physical  exaniinatioo  variables  detected  increased  risks  of 
statisrical  significance  or  margind  significance  for  each  variable  in  at  least  one  adjusted 
analysis.  The  adjusted  model  3  analyses  found  that  the  relative  risk  for  each  variable  (other 
than  dullness,  which  had  only  three  abnormalities)  was  significantly  or  marginally  more  than 
1  for  Ranch  Hands  in  the  high  current  dioxin  category  relative  to  Comparisons  in  the 
background  current  dioxin  category.  The  previous  1987  examinsdon  finding  that  Ranch  Hands 
bad  marginally  more  thorax  and  lung  abnormalities  than  Comparisons  in  an  adjusted  analysis 
is  consistent  with  these  results. 

The  laboratoiy  variables  evaluated  for  this  study  were  x*ray  mterpretatioo,  forced  vital 
capacity  (FVC),  fwced  expiratory  volume  at  1  second  (FEVi),  forced  expiratory  Cow 
maximtun  (FEFmax),  the  ratio  of  observed  FEV  j  to  observed  FVC  loss  of  vital  capacity, 
and  obstructive  abnormality.  The  x  ray.  when  normal,  is  highly  leEable  for  excluding 
pulmonary  parenchymal  disease.  The  spirometric  indices  are  designed  to  measure  lung 
volume  (]^Q  and  respiratory  air  Cow  (FEV),  and  axe  used  to  hdp  diagnose  restrictive  and 
obstructive  disease.  Restrictive  disease  is  characterized  by  reduc^  vital  capacity  as  seen  in 
intentiiial  fibrosis  or  reduced  lung  volume  after  surgical  resectioa.  The  Cow  dependent 
indices  (FEV^  and  FEFmax)  are  abnormally  prolonged  in  obstructive  airways  disease, 
usually  COPO. 

Serum  dioxin  was  not  associated  significantly  with  the  x-ray  mterpretadon.  By 
contrast,  die  analyses  of  the  spirometric  indices  were  often  significartf,  the  differences  in 
the  mean  levels  were  noc  clinically  imponaat.  Initiai  dioxin  was  significantly  associated  with 
decreases  in  FVC,  FEV^,  and  FEFmax  in  addition  to  a  significant  imease  ’  ‘he  ratio  of 
observed  FEV^  to  observed  FVC  Abjusted  results  for  the  model  2  and  n:  ?  rnilyses 

also  displayed  significant  findings  for  these  variables.  In  clinical  pnctice,  •  j  known  to 
cause  a  redocrion  in  vital  capaci^.  The  results  described  here  m^  be  due  in  ysn  to  the 
significant  positive  association  between  serum  dioxin  and  percent  body  fat  that  is  detailed  in 
the  general  health  assessment.  Accordingly,  interpretatioo  of  these  results  must  await 
further  evaluation  of  the  dioxin  and  body  fat  reiarionship. 

In  the  longitudinal  analysis  of  the  ratio  of  observed  FEVi  to  observed  FVC  there  was 
a  significant  posirive  assodarion  with  current  dioxin  and  a  significaa  differetKe  among  the 
current  dioxin  categories. 

Extrapolatloa  of  Results 

Extrapoladoa  of  the  serum  dioxin  results  to  the  general  popularioo  of  ground  troops  who 
served  in  Vletma  is  difficult  because  Ranch  Hand  a^  grou^-troop  exposure  situarioos 
were  quite  different.  Based  ou  serum  dioxin  testing  restrits  done  by  otfa«  leseatchen,  nearly 
all  ground  troops  tested  have  current  levels  of  dioxin  similar  to  background  levels.  Even 
gro^  troops  who  served  in  herbicide-sprayed  areas  of  Vietnam  had  entreat  levels 
indisringnishabie  from  levels  in  men  who  ixver  left  the  United  States.  The  AFHS  subgroup 
most  lilm  the  ground  troops  ta  terms  of  current  dioxin  levels  are  Raadi  Hands  who  oarendy 
have  backgronad  levels  of  dioxin  (10  pp(  or  less,  designated  as  the  *onktiown’*  cuzrent  dioxin 
category  in  the  model  3  analyses).  Therefore,  if  the  remits  of  the  AFHS  ate  applied  to  the 
gen^  popularion  Vietnam  veterans,  the  focus  should  be  oc  the  utrimown  Ranch  Htud 
versus  background  Comparison  coutnst  in  the  model  3  analyses.  However,  extiapoladng  the 
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results  of  these  analyses  to  Vietnam  veterans  should  still  be  made  cautiously.  There  may  be 
demographic  distinctions  between  the  unknown  group  of  Ranch  Hands  and  other  Vietnam 
veterans  that  may  be  health>related.  In  general,  the  adjusted  model  3  analyses  found  that 
Ranch  Hands  in  the  unknown  current  dioxin  category  did  not  show  a  significant  health 
detriment  relative  to  Comparisons  in  the  background  current  dioxin  category.  This  was 
particularly  true  for  the  variables  that  exhibited  a  significant  high  versus  background  contrast 

SUMMARY 

The  ^gTiitti  dioxin  analyses  in  this  report  detected  significant  associations  with  lipid* 
related  health  indices.  In  particular,  diabetes  and  body  fat  were  associated  ^sidvely  with 
dioxin.  Cholesterol,  HDL,  the  choIestcrol-HDL  ratio,  and  2-hour  posqtrandial  glucose  also 
were  associated  significantly  with  dioxin.  Erythrocyte  sedlmentadon  rate,  WBC  count,  IgA, 
and  platelet  count  were  posidvely  associated  with  dioxin,  suggesting  the  pnnence  of  a 
chronic  dose-related  inflammatory  process.  Other  variables,  such  as  the  spirometric  indices 
in  the  pulmonary  assessment  and  benign  systemic  neoplasms  in  the  malignancy  assessment, 
showed  significant  associadons  with  dioxin  that  may  be  related  to  the  body  fat  results 
(approximately  75%  of  the  benign  systemic  neoplasms  in  Ranch  Hands  and  70%  in 
Comparisons  were  lipomas).  These  findings  and  their  possible  reiadonship  to  dioxin 
eliminadon  will  be  explored  in  future  examinadon  cycles.  The  serum  dioxin  analyses  also 
revealed  a  significant  posidve  associadon  between  dioxin  and  decreased  tesdcular  size,  but 
the  importance  of  this  finding  is  unclear  (fertility  and  other  reproduedve  outcomes  will  be 
assessed  in  a  separate  report).  Results  for  the  other  variables  revealed  no  consistent 
pattern  (within  or  across  clinical  areas)  indictuive  of  a  health  detriment  due  to  dioxin 
exposure. 

% 

Occasionally  there  was  a  significant  finding  in  the  analysis  of  a  variable  in  its  continuous 
fonn,  but  the  corresponding  results  for  the  discrete  analysis  were  not  significant.  Small  but 
significant  mean  differences  in  a  continuously  measured  health  variable  when  there  are  no 
corresponding  difierences  in  the  percentage  of  abnormal  tests  are  difficult  to  assess  in  any 
smdy.  For  example,  in  the  discrete  analysis  of  serum  restosterone,  abnormally  low  levels 
were  not  associa^  significandy  with  dioxin.  However,  the  adjusted  continuous  analysis 
found  a  significant  negadve  associadon  between  dioxin  and  testostertme  when  the  effect  of 
body  fat  was  not  considered.  The  continuous  and  discrete  analyses  of  sjrstolic  and  diastolic 
blood  pressure  also  exhibited  conflicting  results.  Observadons  such  as  these  could  represent 
an  early  subciinical  effect,  or  they  could  be  the  result  of  a  multiple-testing  artifact.  Significant 
trends  in  the  with  increasing  levels  of  dioxin  are  interpreted  as  a  dioxin-related  effect  if 
a  corresponding  trend  is  seen  in  the  proportion  above  or  below  the  normal  range.  These 
observations  emphasize  the  importance  of  continued  evaluation  of  a  broad  qjectram  of  health 
endpoints  in  the  subsequent  physical  examination  phases  of  the  AFHS. 

The  gnphical  displays  for  fasting  and  2-hoor  postprandial  glucose,  AST,  cholesterol,  the 
cholesterol/iroL  ratio,  and  diastolic  blood  pressure  show  a  renuukaUle  siinUarity  in  the 
patron  of  results  between  the  Coenparisons  and  those  Ranch  Hands  with  dioxin  levels  below 
15  ppc  Ofom,  a  dioxin-relaiBd  increase  is  seen  in  the  Comparisons  as  well  u  the 
Wanrf«,  witfaoot  an  obvious  threshold.  The  medical  importance  of  these  observadons  is  not 
clear,  but  these  daa  suggest  that  there  may  not  be  a  tiueshold  for  a  subde  dioxin  effect,  even 
at  levels  considered  to  be  at  or  near  background. 
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dio^  telatioMhip  between 

could  cause  an  wcrcase  in  body  fat  or  observed  reladonsWps.  In  one,  dioxin 

Which,  in  nan.  aJt^  dioxin  dc«y 

aitcranons,  and  blood  sugar  levels  An  ^  pressure,  serum  Upid  ^ 

cause  of  two  or  more  of  die  observed  endo^i?^^®  hj^th^  involves  dioxin  as  a  direa 
Uiese  observed  effects  directly  or  is  a  sttS  k  ^  ««« 

determined  from  these  data.  AdditioiiU  pathway  cannot  be 

scheduled  for  1992  may  help  resolve^  qu«Sn^  ^  examination 
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FUTURE  DIRECTIONS 

The  development  of  a  method  to  determine  levels  of  dioxin  in  serum  has  been  a 
significant  enhancement  to  this  study.  This  procedure  permitted  the  study  scientists  to 
develop  a  measure  of  exposure  for  each  individual  that  dd  not  require  making  assumptions  of 
2,3,7,8-tetrachlorodibenzO'p*dioxin  (TCDD)  exposure  based  on  a  sunogate  indicator 
(developed  from  available  historical  data  on  fixed-wing  spray  missitas  used  to  disseminate 
Herbicide  Orange,  Herbicide  Purple,  Herbicide  Pink,  and  Herbicide  Green).  The  method 
provided  the  opportunity  to  move  from  relatively  simple  group  contrasts  of  Ranch  Hands  and 
Comparisons  to  detailed  analyses  of  dose  response  on  an  individual  basis. 

While  this  breakthrough  has  led  to  drarxtatic  improvements  in  the  study,  it  also  has 
highlighted  opportunides  for  further  refinements  to  the  study  that  will  be  implemented  for  the 
next  phase  of  the  study  scheduled  for  1992.  These  refinements  in  exposure  assessment  will 
include  an  evaluadon  of  the  panem  of  dioxin  isomers  in  the  serum  of  a  selected  group  of 
pardcipants.  These  participants  would  include  all  Comparisons  with  1987  TCDD  levels 
above  20  ppt  and  a  random  *  imple  of  Ranch  Hands.  Additionally,  serum  samples  will  be 
collected  for  dioxin  assays  cxom  all  participants  who  did  not  provide  blood  for  testing  in  1987 
or  whose  assays  did  nc.  result  in  a  valid  determination  in  the  laboratory.  The  Air  Force  also 
plans  to  obtain  serum  samples  at  the  1992  examination  on  a  selected  gtcup  of  Ranch  Hands 
so  that  a  third  d?u  point  wiU  be  available  in  the  determination  of  dioxin  half-life  over  the  10 
years  since  19^2.  These  data,  coupled  with  die  results  of  half-life  studies  in  men  exposed  to 
TCDD  in  Seveso,  Italy,  in  1976,  wiU  be  used  to  assess  the  validity  of  the  first-ortto  pharma¬ 
cokinetics  assumption  for  dioxin  elimination  in  humane. 

Data  on  weight  changes  and  intervening  illness  also  will  be  inclutkd  in  half-life 
determinations  for  the  1992  examination.  If  the  first-order  elimination  assumption  is 
supponed  by  the  Seveso  data,  a  specific  half-life  determination  for  each  individual  will  be 
determined  for  use  in  the  statistical  analyses  rather  than  the  single  value  used  for  everyone 
in  this  report. 

Modifications  to  the  format  of  the  physical  examination  also  are  envisioned  for  1992. 
These  include  the  determination  of  serum  insulin  levels,  Doppler  studies  c£  peripheral  arterial 
circulation,  replacement  of  the  T3  %  uptake  with  a  refined  methodology  to  measure  the  thyroid 
stimulating  hormone  accurately  in  both  hypertbyroid  and  hypothyroid  conditions,  and  the 
collection  of  data  on  the  presence  of  claudication  and  peripheral  vascular  insufficiency.  In 
addition,  the  compooeats  of  the  immunological  assessment  will  be  evaluated  to  ensure  that 
the  most  cunent  metsores  of  immunological  function  are  used. 
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